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the  Navy  and  of  the  mercantile  marine,  by  providing,  under  the 
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ent  to  do  so,  and  under  such  regulations  and  instructions  as  he  may 
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Note  on  Rbpbint  qv  1916. — ^Tbis  reprint  is  tbe  same  aa  the  1914  edition,  except 
that  the  examples  worked  out  in  the  text  have  been  brought  up  to  date  to  accord  with 
the  form  of  the  American  Nautical  Almanac  as  now  published. 
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ABBREVIATIONS  USED  IN  THIS  WORK. 


&]|.(orft) Altitude. 

•.m Antemerii 

Amp... Amplitude.' 

Ipp Apparent. 

App.  t Apparent  time. 

A«t Astronomical. 

A«t.  t AstTDnomical  time. 

Aug Au^entadoD. 

Aa.  (or  Z) Anmath. 

C Course. 

C.  C ChronometM-  correction. 

C— W Chronometer  ffiintu  watch. 

Quo.  t Chronometer  time. 

Go.  L Co.  latitude. 

Col Column. 

Can Correctitm. 

Coe Conne. 

Coeec Coaecant. 

Cot Cotangent. 

rf{orDec.) Decliaktioo. 

D{otD.Lo) Difference  longitude. 

Dep Departure. 

Dev Deviation. 

Diff DiSeteace. 

IKat Diatasce. 

DL. Difference  latitude. 

D.  R Dead  reckoniuK. 

E.,  Ely East,  easterly. 

Elap.  t Elapsed  time. 

Eq.  t Equation  of  time. 

P LoD^tude  foctor. 

/ Latitude  fector. 

G.  (caGr.) Greenwich. 

G.  A.  T Greenwich  apparent  time. 

G.  U.  T Greenwich  mean  time. 

G.  S.  T Greenwich  ndereal  time. 

* Altitude. 

H Meridian  altitude. 

H.  A.  (or  1) Hour  angle. 

Hav Haversine. 

H.  D Hourly  difference. 

H.  P.  (orHor.  par.).. Horizontal paiallaz. 

Hf^ Hour-B. 

H.  W Hirii  water. 

I.  C Index  correction. 

L.  (or  Lat.) Latitude. 

L.  A.  T Local  apparent  time. 

L.  U.  T Local  meantime. 


L.  8.  T Local  sidereal  time. 

Lo.  (or  Long.) Longitude. 

Log Logarithm. 

Lun.  Int Luniddal  interval. 

L.  W Lowwator. 

i Lonjj^tude. 

m Mendional  difference. 

Merid Meridian  <»  nmm. 

Mag. Magnetic. 

M.  D Minute's  difference. 

Mid Middle. 

Mid.  L Middle  latitude. 

M.  T Meantime. 

nat Natural. 

N.,  Nly North,  northerly. 

N.  A.(c»Naut.  Aim.)  Nautical  Almanac. 

Np Neap. 

Oh Observation. 

p  (or  P.  D.) Polar  distance. 

v.e Per  compass. 

P.  D.  (or  p) Polar  distance. 

P.  L.(orPifop.  Log). Proportional  logarithm. 

p.  m Postmeridian. 

p.  di  r Parallax  and  refraction. 

Par Parallai- 

R.  A Right  ascension. 

B.  A.  M.  8 Right  ascension  mean  Ml 

Red Reduction. 

Ref Refraction. 

8.,  Sly South,  southerly. 

S.  D Semidiameter. 

Sec Secant. 

Sid Sidereal. 

Sin Sine. 

Spg Spring. 

( Hour  angle. 

T Time. 

Tab Table. 

Tan Tangent. 

Tr.  (or  Trans.) Transit. 

Var Variation. 

Vert Vertex  or  VMtical. 

W.,  Wly West,  westerly. 

W.  T Watch  time. 

* Zenith  distance. 

Z Azimuth. 

6 Auxiliary  ai^e. 

X Difference  longitude  in  I 


?The8uD. 
The  Moon. 
*       A  Star  or  Planet. 
CJ  r  Alt.  upper  limb. 
Qi  Alt.  lower  limb. 
(|)  p  Aximuthal  angle. 

J  a  .  .Alpha. 
Bp  ..Beta. 
r  r  ..Gamma. 
J  2.. Delta. 
E  t  ..Epsilon. 
ZC-'Zeta. 
Hi)  ..Eta. 
»  6  .  .Theta. 
/  (-.Iota. 
K  K .  .Kappa. 
J^t.-LamW 


Degrees. 
Minutes  of  Arc. 
Seconds  of  Arc. 

'   Minutes  of  Time. 
Seconds  of  Time. 


QBBEK   LETTEB8. 


..Nu. 


0  0 Omicron. 

nit Pi. 

P  P RUo. 

J-<i(r)...Sigma. 

r  r Tau. 

r  « Upeiloti. 

♦  i PM. 

X  2 Chi. 

r# Pai. 

Ota Omega. 
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CHAPTER  I. 
DEFntmOHS  BELATDfa  TO  HAVIOATION. 


1.  That  science,  generally  termed  NavigaHon,  which  affords  the  knowledge 
necessary  to  conduct  a  ship  from  pomt  to  pomt  upon  the  earth,  enabling  the  mariner 
to  determine,  with  a  sufficient  d^ee  of  accuracy,  the  position  of  his  vessel  at  any 
time,  is  properly  divided  into  two  branches:  Navigation  and  Nautical  Aatronomy. 

2.  Navigah,on,  in  its  limited  sense,  is  that  branch  which  treats  of  the  determma- 
tion  of  the  position  of  the  ship  by  reference  to  the  earth,  or  to  objects  thereon.  It 
comprises  (a)  PiioHng,  in  which  the  position  is  ascertained  from  visible  objects 
upon  the  earth,  or  from  soundings  of  the  depth  of  the  sea,  and  (6)  Dead  Reckoning, 
in  which  the  position  at  any  moment  is  deduced  from  the  direction  and  amount  of 
a  vessel's  progress  from  a  known  point  of  departure. 

8.  luiviicdl  Astronomy  is  that  branch  of  the  science  which  treats  of  the  deter- 
mination of  the  vessel's  place  by  the  aid  of  celestial  objects — the  sun,  moon,  planets, 
or  stars. 

4.  Navigation  and  Nautical  Astronomy  have  been  respectively  termed  Oeo- 
NavigaHon  and  Celo-NavigaHonj  to  indicate  the  processes  upon  which  they  depend. 

5.  As  the  method  of'^pilotuig  can  not  be  employed  excepting  near  land  or  in 
moderate  depths  of  water,  the  navigator  at  sea 
most  fix  his  position  either  by  dead  reckoning  or  fry 
ohservaiion  of  celegtial  objects;  the  latter  method  is 
more  exact,  but  as  it  is  not  always  available,  the 
former  must  often  be  depended  upon. 

6.  The  Earth.— The  Earth   is   an   oblate 
spheroid,  being  a  nearly  spherical,  body  slightly 
flattened  at  the  poles;  its  longer  or  equatorial 
axis  measures  about  7,927  statute  miles,  and  its  £  [- 
shorter  axis,  around  which  it  rotates,  about  7,900  ; 
statute  miles.  ' 

TTbe  Earth  (assumed  for  purposes  of  illustra- 
tion to  be  a  sphere)  is  represented  in  figure  1. 

The  Axis  ofRotation,  usually  spoken  of  simply 
as  the  Axis,  is  FP'. 

The  Poles  are  the  points,  P  and  P',  in  which  F 

the  axis  interaects  the  surface,  and  are  designated,  no.  i. 

respectively,  as  tlie  North  Pde  and  the  Somk  P6le. 

The  Equaior  is  the  great  circle  EQMW,  formed  by  the  intersection  with  the 
earth's  surface  of  a  plane  perpendicular  to  the  axis;  the  equator  is  equidistant  from 
the  polee^  every  point  upon  it  being  90°  from  each  pole. 

Meridians  are  the  great  circles  FQP',  PMP'  PM'P',  formed  by  the  intersection 
with  the  earth's  surface  of  planes  secondary  to  the  equator  (that  is,  passing  through 
its  poles  and  therefore  perpendicular  to  its  plane). 

Parallels  of  Laiiiuae  are  small  circles  NTn,  N'n'T',  formed  by  the  intersection 
with  the  earth  s  surface  of  planes  passed  parallel  to  the  equator. 

The  LaiUude  of  a  place  on  the  surface  of  the  earth  is  the  arc  of  the  meridian 
iDtercepted  between  the  equator  and  that  place.  Latitude  is  reckoned  North  and 
South,  irom.  the  equator  as  an  origin,  through  90°  to  the  poles;  thus,  the  latitude 
of  the  point  T  is  MT,  north,  and  of  the  pomt  T',  M'T',  north.  "The  Difference  ojf 
LaiUude  between  any  two  places  is  the  arc  of  a  meridian  intercepted  between  their 
parallels  of  latitude,  and  is  called  North  or  South,  according  to  direction;  tfius,  the 
oifffflrence  of  latitude  between  T  and  T'  is  Tn'  or  "r'n,  north  from  T  or  south  from  T'. 

The  LongOuide  of  a  place  on  the  surface  of  the  earth  is  the  arc  of  the  equator  inter- 
cepted between  its  meridian  and  that  of  some  place  from  which  the  longitude  is 
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reckoned.  .Lonfitude  is'  measured  East  or  West  through  180°  from  the  meridian  of 
a  ^igoaCed- jpAce,  suph,  dieridian  being  termed  the  Pritm  Meridian;  the  prime 
meridian  used  by  tnc^l  nations,  including  the  United  States,  is  that  of  Greenwich, 
England.  If,  in  the  %ure,  the  prime  meridian  be  FGQP',  then  the  longitude  of  tihe 
point  T  is  QM,  east,  and  of  T',  QM^,  eaat.  The  Difference  of  LoTu^^udsDotweea  any 
two  places  is  the  arc  of  the  equator  intercepted  between  their  meridians,  and  is  callea 
East  or  Weat,  according  to  direction;  thus,  the  difference  of  longitude  between  T  and 
T'  is  MM',  east  from  M  or  west  from  M'.  The  Departure  is  the  Ihiear  distance, 
measured  on  a  parallel  of  latitude,  between  two  meridians;  unlike  the  various  quanti- 
ties previously  defined,  departure  is  reckoned  in  miles  j  the  departure  between  two 
meridians  varies  with  the  parallel  of  latitude  upon  which  it  is  meaisured;  thus,  the 
departure  between  the  mendians  of  T  and  T'  is  the  number  of  miles  corresponding 
to  the  distance  Tn  in  the  latitude  of  T,  or  to  n'T'  in  the  latitude  of  T'. 

The  curved  line  which  joins  any  two  places  on  the  earth's  surface,  cuttingall  the 
meridians  at  the  same  angle,  is  called  the  Rhumb  Line,  Loxodronnic  Curve,  or£ifutan- 
ffular  Svirai.  In  the  figure  this  line  is  represented  br  TtT'.  The  constant  ande 
which  this  line  makes  with  the  meridians  is  called  the  Course'  and  the  length  of  uie 
line  between  any  two  places  is  called  the  Distance  between  {.nose  places: 

The  unit  of  linear  measure  employed  by  navigators  is  the  NavHedl  or  Sea  MUe, 
or  Knot.  This  unit  is  defined  in  the  United  States  of  America  as  being  6,080^7 
feet  in  len^h  and  equal  to  one^ixtieth  part  of  a  degree  of  a  great  circle  ot  a  sphere 
whose  sui^ce  is  equal  in  area  to  the  area  of  the  surface  of  the  earth. 

The  nautical  mile  is  not  exactly  the  same  in  all  countries,  butj  from  the  navi- 
gator's standpoint,  the  various  lengths  adopted  do  not  differ  materially. 

Since,  upon  the  ocean,  latitude  has  been  capable  of  easier  and  more  accurate 
determination  than  longitude,  it  might  naturally  be  expected  that  there  exists  an 
intimate  fixed  relation  between  the  nautical  mile  and  the  minute  of  latitude  (or  the 
length  of  that  portion  of  a  meridian  which  subtends  at  the  earth's  center  the  angular 
measure  of  one  minute);  but  on  account  of  the  fact  that  the  eartii  is  not  a  perfect 
sphere,  a  fixed  relation  doee  not  exist,  and  the  arc  of  a  meridian  that  subtends  an 
angle  of  1'  at  the  center  of  the  earth  varies  slightly  in  length  from  the  Equator  to 
the  poles,  being  6,045.95  feet  at  the  Equator  and  6,107.85  feet  at  the  j>^es.  Its 
average  length  ii  1,852.201  meters,  or  6,076.82  feet.  According^r  m  France, 
Germany,  and  Austria  the  nautical  mile  is  1,852  meters,  2,025.41  yards,  or  6,076.23 
feet. 

For  purposes  of  navigation  the  nautical  mile  is  assumed  to  be  equal  to  a  minute 
of  latitude  in  all  parts  of  the  world;  and,  hence,  when  a  vessel  changes  her  position 
to  the  north  or  south  by  1  nautical  mile,  it  may  always  be  considered  that  the  latitude 
has  changed  1'.  Owing  to  the  fact  that  the  meridians  converge  toward  tlie  poles, 
the  difference  of  longitude  produced  by  a  change  of  position  ot  1  mile  to  the  east 
or  west  will  vary  with  the  latitude;  thus,  a  departure  of  1  mile  will  equal  a  difference  of 
longitude  of  1'  at  the  Equator,  but  of  more  than  1'  at  any  higher  latitude,  being  in 
fact  equal  to  I'.l  of  longitude  in  latitude  30°  and  to  2'  of  longitude  in  latitude  60  . 

In  England  the  nauticd  mile,  corresponding  to  the  ASniraUy  Jcnot,  is  regarded 
as  having  a  length  of  6,080  feet. 

The  statute  mile  of  5,280  feet,  which  is  employed  in  land  measurements,  is 
commonly  used  in  navigating  river  and  lake  vessels.  This  is  notably  the  case  on  tbe 
Great  Lakes  of  America,  but  with  the  recognition  of  tho  advantages  to  be  gained  by 
the  practice  of  nautical  astronomy  in  the  nav^ation  of  these  vessels,  the  use  of  tKe 
nautical  mile  is  extending. 

The  Oreat  Cirde  Trade  or  Course  between  any  two  places  is  the  route  between 
those  places  along  the  circuinference  of  the  great  circle  which  joins  them.  In  the 
figure  this  line  is  represented  by  T(?T'.  From  tie  properties  of  a  great  circle  (which  is  s 
circle  upon  the  earth's  surface  formed  by  the  intersection  of  a  plane  passed  through 
its  center)  the  distance  between  two  points  measured  on  a  great  circle  track  is  shorter 
than  the  distance  upon  any  other  line  which  joins  them.  Except  when  the  two 
points  are  on  the  same  meridian  or  when  both  he  upon  the  equator,  the  gi^eat  circle 
track  will  always  differ  from  the  rhumb  line,  and  the  great  cime  track  will  intersect 
each  intervening  meridian  at  a  different  angle. 
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CHAPTER  II. 
UrSTBUUENTS  Ain)  A00ESSOBIE8  DT  NATIOATIOH. 


DIVIDXSS  OB  CKniFASSES. 

7.  This  inBtniment  oonsists  of  two  legs  moTable  about  a  joint,  bo  ihat  the 
poiots  at  the  cattremities  of  the  legs  may  be  set  at  anr  required  aistanoe  from  each 
other.  It  is  used  to  take  and  transfer  distances  ana  to  describe  arcs  and  circles. 
When  used  for  the  fonner  purpose  it  is  tenned  dwiderw,  and  the  extremities  of  both 
h^  are  metal  points;  when  used  for  describing  arcs  or  circles,  it  is  called  a  compasa, 
and  one  of  the  metal  points  is  replaced  by  a  pencil  or  pen. 

PAWATiTfUI.  BDliB&S. 

8.  Parallel  rvlara  are  used  for  drawing  lines  parallel  to  eadi  other  in  any  direc- 
tion, and  are  particularly  useful  in  transferring  the  rhtunb-line  on  the  chart  to  the 
nearest  compass-rose  to  ascertain  the  course,  or  to  lay  off  bearings  and  coursee. 

FBOTBACrOB. 

9.  This  is  an  instrument  used  for  the  measurement  of  angles  upon  paper; 
there  is  a  wide  variation  in  the  material,  size,  and  shape  in  whidi  it  may  be  made. 
(For  a  description  of  the  Three  Armed  Proiraetor,  see  art.  428,  Chap.  XVJU.) 

TBE  COUP  IfOO. 

10.  This  instrument,  for  mftasuring  the  rate  of  sailing  consists  of  three  parts; 
Tiz,  the  hg-^ip,  the  log-tine,  and  the  log-glaae.  A  light  smetance  thrown  from  the 
ship  ceases  to  partake  of  the  motion  of  the  vessel  as  soon  as  it  strikes  the  water, 
and  will  be  left  behind  on  the  surface;  after  a  certain  interval,  if  the  distance  of  Uie 
ship  from  this  stationary  object  be  measiu^,  the  approximate  rate  of  sailing  will 
be  mven.  The  log<hip  is  the  float,  the  log-line  is  the  measure  of  the  distance,  and 
^olog-glass  defines  the  interval  of  time. 

Tne  log-ckip  is  a  thin  wooden  quadrant  of  about  5  inches  radius,  loaded  with 
lead  on  the  curcular  edge  sufficienUr  to  make  it  float  upright  in  the  watw.  There 
b  a  hole  in  each  comer  of  the  log-chip,  and  the  log-line  is  Plotted  in  the  one  at  the 
apes;  at  about  8  inches  from  the  end  tiiere  is  seized  a  wooden  socket;  a  piece  of 
Ime  of  proper  length,  being  knotted  in  the  other  holes,  has  seized  into  its  bight  a 
wooden  peg  to  fit  snugly  into  the  socket  before  the  log-chip  is  thrown;  as  soon  as 
the  Hne  is  checked  thia  peg  pulls  out,  thus  allowing  the  log-chip  to  be  hauled  in 
with  the  least  resistance. 

The  log-line  is  about  150  fathoms  in  length,  one  end  made  fast  to  the  log-chip, 
the  other  to  a  reel  upon  which  it  is  wound.  At  a  distance  of  from  15  to  20  fathoms 
from  the  log-chip  a  permanent  mark  of  red  bunting  about  6  inches  long  is  placed 
to  allow  sumcient  etnnf  line  for  the  log-chip  to  clear  the  vessel's  eddy  or  wai».  The 
rest  of  the  line  is  divided  into  lensths  of  47  feet  3  inches  called  lenota,  by  pieces  of 
fish-bne  thrust  through  the  strands,  with  one,  two,  three,  etc.,  knots,  according  to 
the  number  from  stray-line  mark;  each  knot  is  further  subdivided  into  five  equal 
lengths  of  two-tenths  of  a  knot  each,  marked  by  pieces  of  white  rag. 

The  length  of  a  knot  depends  upon  the  number  of  seconds  which  the  log-glass 
measures;  the  length  of  each  knot  must  bear  the  same  ratio  to  the  nautical  mile 
(^  of  a  degree  of  a  great  circle  of  the  earth,  or  6,080  feet)  that  the  time  of  the  glass 
does  to  an  horn*. 
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Iq  the  United  States  Navy  all  log-lines  are  marked  for  log-bosses  of  28  seoonds, 
for  which  the  proportioD  is : 

3600  :  6080=28' :a:, 

X  being  the  length  of  the  knot. 

Hence, 

i=47".29,  or47"3'». 

The  speed  of  the  ship  is  estimated  in  knots  and  tenths  of  a  knot. 

The  log-glasB  is  a  sand  glass  of  the  same  shape  and  construction  as  the  old  hour- 
glass. Two  glasses  are  used,  one  of  2S  seconds  and  one  of  14  seconds;  the  latter  is 
employed  when  the  ship  is  going  at  a  high  rate  of  speed,  the  number  of  knots  indi- 
cated on  a  line  markeafor  a  28-8econd  glass  being  doubled  to  obtain  the  true  rate 
of  speed. 

11.  The  log  in  all  its  parts  should  be  frequently  examined  and  adjusted;  the 

Eeg  must  be  found  to  fit  sufficiently  tight  to  seep  the  log-chip  upri^t;  the  log- 
ne  shrinks  and  stretches  and  should  often  be  verified;  the  log-glass  should  be 
compared  with  a  watch.  One  end  of  the  glass  is  stopped  with  a  co^,  by  removing 
which  the  Band  may  be  dried  or  its  quantity  corrected. 

12.  A  ground  log  consists  of  an  ordinary  log-line,  with  a  lead  attached  instead 
of  a  chipj  in  shoal  water,  where  there  are  no  well-defined  objects  available  for  fixing 
the  position  of  the  vessel  and  the  course  and  speed  are  influenced  by  a  tidal  or  other 
current,  this  log  is  sometimes  used,  its  advantage  being  that  the  lead  marks  a  sta- 
tionary point  to  which  motion  may  be  referred,  whereas  the  chip  would  drift  with 
the  stream.  The  speed,  which  is  marked  in  the  usual  manner,  is  the  speed  over 
tiie  ground,  and  the  treud  of  the  line  gives  t^e  course  actually  made  good  by  the 
vessw. 

THB  PATENT  LOG. 

13.  This  is  a  mechanical  contrivance  for  roistering  the  distance  actually  run 
by  s  vessel  through  the  water.  There  are  various  types  of  patent  logs,  but  for  the 
most  part  they  act  upon  the  same  principle,  consistmg  of  a  registering  device,  a  fly 
or  rotator,  and  a  log  or  towline ;  the  rotator  is  a  small  spinme  with  a  number  of 
blades  extending  ra<ually  in  such  manner  as  to  form  a  spiral,  and,  when  drawn  throus^ 
the  water  in  the  direction  of  its  axis,  rotates  about  that  axis  after  the  manner  of  a 
scrow  propeller;  the  rotator  is  towea  from  the  vessel  by  means  of  a  log  or  tovriine 
from  30  to  100  fathoms  in  length,  made  fast  at  its  apex,  the  line  being  of  special 
make,  so  ^at  the  turns  of  the  rotator  are  transmitted  through  it  to,  the  worm  shaft 
of  the  register,  to  which  the  inboard  end  of  the  line  is  attached;  the  registering 
device  is  so  constructed  as  to  show  upon  a  dial  face  the  distance  run,  according  to 
the  number  of  turns  of  its  worm  shaft  due  to  the  motion  of  the  rotator;  the  r^^ter 
is  carried  at  some  convenient  point  on  the  vessel's  quarter;  it  is  frequently  ftund 
expedient  to  rig  it  out  upon  a  small  boom,  so  that  the  rotator  will  be  towed  clear 
of  the  wake. 

14.  Though  not  a  perfect  instrument,  the  patent  log  affords  a  means  of  deter- 
mining the  vessel's  speed  through  the  water.  It  will  usually  be  found  that  the 
indications  of  the  log  are  in  error  by  a  constant  percentage,  and  the  amount  of  this 
error  should  be  determined  by  careful  experiment  and  applied  to  all  readk^. 

Various  causes  may  operate  to  produce  inaccuracy  of  working  in  the  patent 
log,  Budi  as  the  bending  oi  the  blades  of  the  rotator  by  accidental  blows,  fouling  of 
the  rotator  by  seaweed  or  refuse  from  the  ship,  or  medianical  wear  of  parts  of  the 
roister.  The  length  of  the  towline  has  much  to  do  with  the  working  of  the  log, 
and  by  varying  Une  length  the  indications  of  the  instrument  may  sometimes  be 
adjusted  when  the  percentage  of  error  is  small;  it  ia  particularly  important  that  the 
line  shall  not  be  too  short.  The  readings  of  the  patent  log  can  not  be  depended  upon 
for  accuracy  at  low  speeds,  when  the  rotator  does  not  tow  horizontally,  nor  in  a  bead 
or  a  foUowmg  sea,  when  the  effect  depends  upon  the  wave  motion  as  well  as  upon 
the  speed  of  uie  vesseL 

15.  Electrical  registers  for  patent  logs  are  in  use,  the  distance  recorded  by  the 
mechanical  register  being  communicated  electrically  to  some  point  of  the  vessel 
which  is  most  convenient  for  the  purposes  of  those  charged  with  the  navigaUon. 
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16.  A  number  of  iiiBtrumente  based  upon  different  phyBical  principles  have 
been  devised  for  recording  the  speed  of  a  veeael  through  the  water  and  have  been 
used  with  varying  degrees  of  success.  Of  theee  the  hydraulic  speed  indicator,  known 
as  ttte  Nicholson  Ship  Log,  affords  an  instance. 

17.  The  revolutions  of  t^e  screw  propeller  afford  in  a  steamer  the  most  valuable 
means  of  determining  a  vessel's  speed  through  the  water.  The  number  of  revolu- 
tions per  knot  must  be  carefuIW  determined  for  the  vessel  by  experiment  under 
varying  conditions  of  speed,  draft,  and  foulness  of  bottom. 

18.  This  device,  for  ascertaining  the  depth  of  water,  consists  essentiallv  of  a 
suitably  marked  line,  havii^  a  lead  attached  to  one  of  its  ends.  It  is  an  invaluable 
aid  to  the  navigator  in  shaUow  waXest,  particularly  in  thick  or  foggy  weather,  and  is 
often  of  service  when  the  vessel  is  out  of  sight  of  land. 

Two  leads  are  used  for  soundings — thehand^ead,  weighing  from  7  to  14  pounds, 
with  a  line  marked  to  about  25  fathoms,  and  the  deep-eea  lead,  weighing  from  30  to 
100  pounds,  the  line  being  100  fathoms  or  upward  in  length. 

Lines  are  generally  marked  as  follows : 
Sbtbonu  from  the  lead,  vitlt  2  strips  of  leather. 
3  fatboDiB  from  the  lead,  with  3  stripe  of  leather. 
6  fathoms  from  the  lead,  with  a  whit«  rag. 


17  hthoms  from  the  leftd,  aune  aa  at  7  fathoma. 

20  fathoma  from  the  lead,  with  2  knots. 

26  fathoms  from  the  lead,  with  1  knot. 

30  fathoms  from  the  lead,  with  3  knots. 

35  fathoms  from  the  leftd,  yritii  1  knot 

40  fathoms  from  the  lead,  with  4  knots. 


bole  in  it. 
13  fathoms  from  the  lead,  Mino  as  at  3  fathoms. 
IS  fatluros  from  the  lead,  same  as  at  6  bthoms. 

Fathoms  which  correspond  with  the  depths  marked  are  called  marks;  the  inter- 
mediate fathoms  are-  called  deeps;  the  only  fractions  of  a  fathom  used  are  a  half 
and  a  quarter. 

A  practice  sometimes  followed  is  to  mark  the  hand-lead  line  in  feet  around  the 
critical  depths  of  the  vessel  by  which  it  is  to  be  used. 

Lead  lines  ^ould  be  measured  frequently  while  wet  and  the  correctnees  of  the 
Tnitrlr'"g  verified.  The  distance  from  the  leadsman's  hand  to  the  water's  edge  shoidd 
be  ascertuned  in  order  that  proper  allowance  may  be  made  therefor  in  taking 
soundings  at  night. 

19.  The  deep-sea  lead  may  be  armed  by  fillii^  with  tallow  a  bole  hollowed  out 
in  its  lower  end,  by  which  means  a  sample  of  the  bottom  is  brought  up. 

^^IB  SOUHBINO  ICACHINIi. 

20.  This  machine  possesses  advantages  over  the  deep-sea  lead,  for  which  it  is 
a  substitute,  in  that  soundings  may  be  obtained  at  great  depths  and  with  rapidity 
and  accuracy  without  stopping  the  ship.  It  consists  essentially  of  a  stand  holding 
a  reel  upon  which  is  wound  the  sounding  wire,  and  which  is  controlled  by  a  suitable 
bra^.  Crank  handles  are  provided  for  reeling  in  the  wire  after  the  sounding  has 
been  taken.  Attached  to  the  outer  end  of  the  wire  is  the  lead,  which  has  a  cavity 
at  its  lower  end  for  the  reception  of  the  tallow  for  arming.  Above  the  lead  is  a 
cylindrical  case  containing  the  depth-registering  mechanism;  various  devices  are  in 
use  for  this  purpose,  all  depending,  however,  upon  the  increasing  pressure  of  the 
water  with  increasing  depths. 

21.  In  the  Lara  Kelvin  machine  a,  slender  glass  tube  is  used,  sealed  at  one  end 
and  open  at  the  other,  and  coated  inside  with  a  chemical  substance  which  changes 
color  upon  contact  with  sea  water;  this  tube  is  placed,  closed  end  up,  in  the  metal 
cylinder;  as  it  sinks  the  water  rises  in  the  tube,  the  contained  air  being  compressed 
with  a  force  dependent  upon  the  depth.  The  limit  of  discoloration  is  marked  by  a 
clearly  defined  line,  and  tne  depth  of  the  sounding  corresponding  to  this  line  is  read 
off  from  a  scale.  Tubes  that  have  been  used  in  comparatively  shallow  water  may 
be  used  again  where  the  water  is  known  to  be  deeper. 

22.  A  tube  whose  inner  surface  is  around  has  been  substituted  for  the  chemical- 
coated  lube,  ground  glass,  when  wet,  snowing  clear.    The  advantage  of  these  tubes 
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is  thftt  they  may  be  used  an  indefinite  number  of  times  if  thorou^ly  dried.  To 
facilitate  drying,  a  rubber  cap  is  fitted  to  the  upper  end,  which,  when  removed, 
admits  of  a  circulation  of  the  air  throiigh  the  tube. 

23.  As  a  substitute  for  the  glass  turns  a  mechaikical  depth  recorder  contaiDed  in  a 
suitable  case  has  been  used.  In  this  device  the  pressure  of  the  water  acts  upon  a 
piston  against  the  tension  of  a  spring.  A  scale  with  an  index  pointer  records  the 
depth  reached.    The  index  pointer  must  be  set  at  zero  before  each  sounding. 

24.  Since  the  action  of  the  soimdin?  machine,  when  glass  tubes  are  used, 
depends  upon  the  compression  of  the  air,  the  barometric  pressure  of  the  atmosphere 
must  be  taken  into  account  when  accurate  results  are  required.  The  correctioa 
consists  in  i/aereasiag  the  indicated  depth  by  a  fractional  amount  according  to  the 
following  table: 


Btr.mdlng. 

29.75 
30.00 
30.60 
80.75 

Ono-twentieth. 

THX  MAKINSK'S  OQHFABB. 


25.  The  Mariner'a  Compass  is  an  instrument  consisting  either  of  a  single 
magnet,  or,  more  usually,  of  a  group  of  magnets,  which,  bemg  attached  to  a  graduated 
circle  pivoted  at  the  center  and  allowed  to  swing  freely  in  a  horii^ontat  plane,  has  a 
tendency,  when  not  aSected  by  disturbing  ma^etic  features  within  the  stup,  to  lie 
with  its  magnetic  axis  iu  the  plane  of  the  earth  s  magnetic  meridian,  thus  afiCording  a 


s  of  determining  ths  azimuth^  or  horizontal  angiuar  distance  from  that  meridian, 
of  the  ship's  course  and  of  all  visible  objects,  terrestrial  or  celestial. 

26.  The  circular  card  of  the  compass  is  divided  oa  its  periphery  into  360*, 
frequently  numbered  from  0"  at  North  and  South  to  90°  at  East  and  West;  also 
into  thirty-two  divisions  of  Hi"  each,  called  pointa,  the  latter  being  further  divided 
into  hatf-points  and  quarter-poivis;  still  finer  subdivisions,  eigkth-poiiits,  are  some- 
times used,  though  not  indicated  on  the  card.  A  system  of  numbering  the  de^^ees 
from  0"  to  360",  always  increasing  toward  the  ririit,  is  shown  in  figure  2.  This 
system  is  in  use  in  the  United  States  Navy  and  by  the  mariners  of  some  foreign 
nations,  and  its  general  adoption  would  carry  with  it  certain  undoubted  advantagee. 

"    "      ■'    "  '    " '  and  is 

J  points 
1  differs 

in  direction  from  tlie  adjacent  one  by  90",  or  8  points.  Midway  between  the  cardinal 
points,  at  an  angular  distance  of  45  ,  or  4  points,  are  the  iTUer^ardinai  points,  named 
accormng  to  tneir  position  Northeast,  Southeast,  etc.  Midway  between  each 
cardinal  and  inter-cardinal  point,  at  an  angular  distance  of  22^°,  or  2  points,  is  a 
point  whose  name  is  made  up  of  a  combination  of  that  of  the  carainal  with  that  of 
the  interK^futiinal  point:  Norm-Northeast,  East-Northeast,  East-^utheast.  etc.  At 
an  aneular  distance  of  1  point,  or  Hi",  from  each  canlinal  and  inter'«anlinal  point 
(and  uierefore  midway  between  it  and  the  22i"-division  last  described),  is  a  point 
which  bears  the  name  of  that  cardinal  or  inter^^ardinal  point  joined  by  the  word  by 
to  that  of  the  cardinal  point  in  the  direction  of  which  it  Ues:  Nortli  by  East,  Northeast 
by  North,  Northeast  by  East,  etc. 
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Navy  to  box  from  North  and  South  tovxtrd  East  aod  West,  excaptiag  that  divisions 
adjacent  to  a  cardinal  or  inteiwiafdinal  point  are /always  refeired  to  ihaTpoInr;  as 


N.  1 E.,  K.  by  K  ^E.,  NNE.  }E..  NE.  \  K.,  etc.  Some  mariners,  however,  make  it  a 
practice  to  box  jVom  each  cardinal  and  inter-cardinal  point  toward  a  22^°-'point  (NNE., 
ENE^etc.);  as  N.  i  E..  N.  by  E.  i  E.,  NE.  by  N.  \  N.,  NE.  i  N.,  etc. 

llie  names  of  the  whole  points,  together  with  fractional  points  (according  to  the 
nomenclature  of  the  United  States  Navy),  are  given  in  the  foUowing  table,  which 
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shows  also  the  degrees,  mioutes,  aod  seconds  from  North  or  South  to  which  each 
division  corresponds: 


NORTH  TO  XAOT. 

North: 

N.4E 

n.Ie 

N.JE 

N.byE 

N.byE.iE 

N.byE.iE 

N.byE.JE 

NNE 

NNE.JE 

nnb.Ie 

NNE.fE 

NE.byN 

NE.  JN 

NE.iN 

NE.  |N 

NE 

NE.iE 

ne.Je 

nb.Ie 

NE.byB 

NE.  byE.  IE 

NE.byE.jE 

HE.byE.JE 

ENE 

ENE.JE 

ene.Ib 

ENE.iE 

E.byM 

B.JN 

E.JN 

b.Jn 

■orTH  TO  mm. 

South 

B.JW 

S.  Jw 

s.iw 

S.byW 

S.byW.iW 

S.byW.Xw 

S.byW.JW 

8SW 

BSW.iW 

BSW.Jw 

SSW.fW 

SW.byS 

8W.J8 

8W.  J8 

sw.ls 

8W 

SW.*W 

sw.lw 

sw.lw 

SW.byW 

SW.byW.JW 

SW.byW.lW 

SW.byW.fW 

wsw 

W8W.  JW 

WSW.  iW 

WSW.iW 

W.byS 

W.JS 

W.i8 

W.iS 


2  48  4S 
6  37  30 
8  28  15 
11  15  00 
14  03  45 
16  52  80 
la  41  16 
22  30  00 
25  18  45 
28  07  30 
30  58  15 
33  45  00 
36  33  45 
39  22  30 
42  11  15 
45  00  00 
47  48  4S 
50  37  30 


63  2 


56  16  00 

69  03  46 
61  62  30 
64  41  15 
67  30  00 

70  18  45 
73  07  30 
76  56  16 
78  46  00 
81  33  46 
84  22  30 
87  11  15 


180  00  00 
182  43  45 
186  37  30 
8  26  16 
l&l  15  00 
194  03  46 
196  52  30 
199  41  15 
202  30  00 
205  18  46 
208  07  30 
210  56  15 
213  45  GO 
216  33  45 
219  22  30 
"Z  11  15 
225  00  00 


227  4 


230  37  30 
333  26  15 
236  15  OO 
239  03  45 
241  52  30 
244  41  15 
247  30  00 
250  IS  45 
233  07  30 
255  56  15 
258  46  00 
261  33  46 
26422  30 
267  11  15 


BABT  TO   BOXTTB. 
It 

B.iS 

E.|8 

B.|S 

E.by8 

E8E.  IE 

E8E.4E 

ese.Ie 

E8E 

SB.by  E.  *E 

SE.byE.  JE 

SB.byE.iE 

SB.byE 

8E.JE 

SE.iB 

SE.  JE 

8E 

SB.IS 

SB.lS 

8E.|8 

8E.byS 

88E.iE 

88E.  IE 

sse.Je 

3E 

S.byE.JB 

B.byE.lE 

8.byE.|E 

.bvE 

8.1E 

8.iE 

S-iE 

WIST  TO   NOBTH. 

Wert 

W.JN 

W.JN 

W.IN 

W.byN 

WNW.IW 

WNW.iW 

WNW.|W 

WNW 

SW.  by  W.  J  W. . , 

NW.byW.  JW-. 

NW.  by  W.JW.. 
NW.byW 

NW.iW 

NW.  }W 

NW.JW 

NW 

NW.iN 

nw.}n , 

NW.JN , 

NW.byN 

NNW.i  W 

NNW.iW 

NNW.iW 

NNW , 

N.byW.iW 

N.byW.  iW 

N.by  W.  1  W 

N.byW 

N.i  W 

N.iW 

N.JW 

North 
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28.  The  comp&sa  card  is  mounted  in  a  bowl  which  is  carried  in  gmbdls,  thus 
enabling  the  card  to  retain  a  horizontal  position  while  tbe  ship  is  pitching  and  rollioe. 
A  vertical  black  line  called  the  lubber's  hne  is  marked  on  the  iimer  surface  of  the  bom, 
and  the  compass  is  so  mounted  that  a  line  ioining  its  pivot  with  the  lubber's  line  is 
parallel  to  the  keel  line  of  the  vessel;  thus  tne  lubber's  line  always  indicates  the  com- 
pass direction  of  the  ship's  head. 

29.  According  to  tne  purpose  which  it  is  designed  to  fulfill,  a  compass  is  desig- 
nated as  a  Standard,  Steeriri^,  Check,  or  Boat  Chmpass.  On  United  States  naval  vet' 
eels  additional  compasses  are  designated  as  follows:  Maneuvering,  battle,  auxiHaiy 
battle,  top,  and  conning-tower  compasses. 

30.  Iliere  are  two  typee  of  magnetic  compass  in  use,  the  liquid  or  v)d  and  the 
dry;  in  the  former  the  bowl  is  filled  with  liquid,  the  card  being  thus  partially  buoyed 
witii  consequent  increased  ease  of  working  on  the  pivot,  and  the  liquid  further  serving 
to  decrease  the  vibrations  of  the  card  when  deflected  by  reason  of  the  motion  of  the 
vessel  or  other  cause.  On  account  of  its  advantages  the  liquid  compass  is  used  in 
tiie  United  States  Navy. 

31.  Thx  Navt  Sbbvice  7}-inoh  Liquid  Cohpass. — This  consists  of  a  s^eton 
card  7)  inches  in  diameter,  made  of  tiniwd  brass,  resting  on  a  pivot  in  liquid,  with 
provisions  for  two  pairs  of  magnets  symmetrically  placed. 

The  magnet  system  of  the  card  consists  of  four  cylindrical  bundlee  of  steel  wires; 
tibeee  wires  are  laid  side  by  side  and  magnetized  as  a  bundle  between  the  poles  of  a 
powerful  electro-magnet.  Thev  are  afterwards  placed  in  a  cylindrical  case,  sealed, 
and  secured  to  the  card.  Steel  wires  made  up  mto  a  bundle  were  adopted  because 
they  are  more  homogeneous,  can  be  more  perfectly  tempered,  and  for  the  same  w^ght 
give  greater  magnetic  power  than  a  sohd  steel  bar. 

Two  of  the  magnets  are  placed  parallel  to  the  nortii  and  south  diameter  of  the 
card,  and  on  the  chords  of  15  (nearly)  of  a  circle  paeeLog  through  their  extremities. 
These  magnets  penetrate  the  air  vessel,  to  which  they  are  soldered,  and  are  further 
secured  to  the  bottom  of  the  ring  of  the  card.  The  other  two  magnets  of  the  systdm 
are  placed  parallel  to  the  loi^r  magnets  on  the  chords  of  45°  (nearly)  of  a  circle 
pas8^£  through  their  extremities  and  are  secured  to  the  bottom  of  ^le  ring  of  the  card. 

Tne  card  is  of  a  curved  annular  type,  the  outer  ring  being  convex  on  the  upper 
and  inner  side,  and  is  graduated  to  r^d  to  one-quarter  point,  a  card  circle  being 
adjusted  to  its  outer  edge  and  divided  to  half  degrees,  with  l^ble  figures  at  each 
3°,  for  use  in  reading  bearings  by  an  azimuth  circle  or  in  laying  tne  course  to  degrees. 

The  card  is  provided  with  a  concentric  spheroidal  air  vessel,  to  buoy  its  own 
weight  and  that  of  the  magnets,  allowing  a  pressure  of  between  60  and  90  grains  on 
the  pivot  at  60°  F.;  the  weight  of  the  ca^  in  air  is  3,060  grains.  The  air  vessel  has 
within  it  a  hollow  cone,  open  at  its  lower  end,  and  provided  with  the  pivot  bearing 
or  cap,  containing  a  sapphire,  which  rests  upon  ine  pivot  and  thus  supports  the 
card;  the  cap  is  provided  with  adjusting  screws  for  accurately  centering  the  cu-d. 
The  pivot  is  fastened  to  the  center  of  the  bottom  of  the  bowl  by  a  flanged  plate  and 
screws.  Through  this  plato  and  the  bottom  of  the  bowl  are  two  smafl  holee  which 
communicato  with  the  expansion  chamber  and  admit  of  a  circulation  of  tile  liquid 
between  it  and  the  bowl.    The  pivot  is  of  gun  metal  with  an  iridium  cap. 

The  card  is  mounted  in  a  bowl  of  cast  bronze,  the  glass  cover  of  which  is  closely 
pa<^ed  witb  rubber^  preventing  the  evaporation  or  leakage  of  the  liquid,  which  entirely 
nUs  the  bowl.  This  liquid  is  composed  of  45  per  cent  pure  alcohol  and  55  per  cent 
distilled  water,  and  remains  liquid  below  —10°  F. 

The  lubber's  line  is  a  fine  une  drawn  on  an  enameled  plato  on  the  inside  of  the 
bowl,  the  inner  surf  ace  of  the  latter  being  covered  with  an  insoluble  whito  paint. 

Beneath  the  bowl  is  a  metaUic  self-adjusting  expansion  chamber  of  elastic  metal, 
by  means  of  which  the  bowl  ia  kept  constantly  full  without  the  show  of  bubbles  or  the 
development  of  undue  pressure  caused  by  the  change  in  volume  of  the  liquid  due 
to  chuiges  of  temperature. 

The  rim  of  the  compass  bowl  is  made  rigid  and  its  outer  edge  turned  strictly 
to  gauge  to  receive  the  azimuth  orde. 

82.  Tbb  Dbt  Coupass. — ^The  Lord  Edvin  Compote,  which  may  be  regarded 
aa  the  standard  for  the  dry  type,  consists  of  a  strong  paper  card  with  the 
central  parts  cut  away  and  its  outer  edge  stiffened  by  a  thin  aluminum  ring.     The 
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pivot  is  fitted  with  an  iridium  point.  ui>on  wlucb  resto  a  small  li^t  aluminum  boss 
fitted  with  a  sapphire  bearing.  Raoiating  from  this  boes  are  32  eilk  threads  whose 
outer  ends  are  made  fast  to  tc^  inner  edge  of  the  compass  card;  these  threads  sustain 
the  weight  of  the  suspended  card,  and  as  they  possess  some  elasticity,  tend  to  decrease 
the  shocks  due  to  motion. 

E^ht  small  steel  wire  needles,  3}  to  2  inches  long,  are  secured  normally  to  two 
parsUelsilk  threads,  and  are  slung  from  the  aluminum  rim  of  the  card  by  other  silk 
threads  which  pass  uirough  eyes  in  the  ends  of  the  outer  pair  of  needles.  The  needles 
are  below  the  radial  threads,  thus  keeping  the  center  of  gravity  low. 

88.  Thb  Otbo  Cohfabs.— This  compass,  which  has  receatly  been  developed, 
Gonskts  essentially  of  a  rapidly  spinning  rotor,  usually  driven  *by  a  three-phase 
alternating  current  of  electricity,  at  a  rate  varying  accordii^  to  the  type,  from 
o  «n/v  i-  o.  nnn         1..*:  :__.*-        J  ^-  j_j  *  _i  "t  automsticaJly 

'  "m  and 

„  p.  v^-  .,. .. o oinflu- 

ence,  from  a  graduated  compass  card  like  tiiat  in  use  on  magnetic  compasses.  From 
the  "master  compass,"  which  may  be  located  in  a  compartment  below,  electrical 
connections  are  made  to  "repeating  compasses"  on  the  bnt^,  in  the  conning  tower, 
or  in  the  steering-enane  room,  so  that  the  ship's  true  heamng  may  be  transmitted 
to  any  desired  part  m  the  veesel. 

The  action  of  the  gyro  compass,  affected  as  it  is  by  the  earth's  rotation  imder  it, 
conforms  to  Foucault's  general  law  that  "a  spinning  body  tends  to  swing  around 
so  as  to  place  ita  axis  parallel  to  the  axis  of  any  unpreesed  forces,  and  so  that  its  direc- 
tion of  rotation  is  the  same  as  that  of  the  impressed  forces."  Small  corrections, 
depending  upon  the  latitude,  course,  and  speed,  can  be  readily  computed  for  applicHp 
tion  to  the  gyro  compass  readings  either  mechanically  or  by  reference  to  tables. 

81.  The  Aznnrm  Cmou:. — ^This  is  a  necessary  fitting  for  all  compassee 
employed  for  taking  bearings — that  is,  noting  the  directions — of  either  celestial  or 
terrestrial  objects.  The  instrument  varies  widely;  in  its  different  forms;  the  essential 
features  which  all  share  consist  in  (a)  a  pair  of  sight  vanes,  or  equivalent  device,  at 
the  extremities  of  the  diameter  of  a  circle  that  revolvee  concentrically  with  the 
compass  bowl,  the  line  of  sight  thus  always  passing  through  the  vertical  axis  of  the 
compass;  and  (6)  a  s^tem,  usually  of  mirrors  and  prisms,  by  which  the  point  of  the 
compass  card  cut  by  the  vertical  plane  through  the  line  of  sight — in  other  words, 
the  compass  direction — is  brought  into  the  fidd  of  view  of  the  person  making  the 
observation.  In  some  circles,  for  observing  azimuths  of  the  sun  advantage  is 
taken  of  the  brightness  of  that  body  to  reflect  a  pencil  of  light  upon  the  card  in 
such  a  manner  as  to  indicate  the  bearing;  such  an  azimuth  circle  is  used  in  the 
United  Statee  Navy. 

The  azimuth  circles  should  be  tested  occasionally  for  accuracy.  This  can  best 
be  done  by  mounting  a  standard  compass  on  a  tripod  m  a  nonmagnetic  spot  on  shore, 
in  a  locality  where  the  variation  has  been  accurately  determined.  The  observea 
compass  bearing  of  the  sun  should,  of  course,  be  the  same  as  the  computed  magnetic 
bearing  at  any  instant,  the  difference  between  the  two,  if  any,  being  equal  to  the 
errorol  the  compass  or,  what  is  more  likely,  the  error  of  the  azimuth  circle.  Anv 
doubt  in  the  matter  may  be  removed  by  the  use  of  two  or  more  compasses.  It  will 
befrequently  found  that  the  error  of  the  azimuth  circle  varies  with  the  sun's  altitude; 
this  is  due  to  the  fact  that  the  axis  of  the  mirror  is  not  normal  to  the  plane  passing 
through  the  sun,  the  5-sidod  prism,  and  the  center  of  the  mirror. 

85.  Binnacles. — Compasses  are  mounted  for  use  in  stands  known  as  BimuicU*, 
of  which  there  are  two  principal  types — the  GontpenstUing  and  the  NoncampeTtaaiing 
Binnacle,  so  designated  according  as  they  are  or  are  not  equipped  with  apphances  by 
which  the  deviation  of  ^e  compass,  or  error  in  its  indications  due  to  disturbing 
magnetic  features  withiu  the  ship  may  be  compensated. 

Binnacles  may  bo  of  wood  or  of  some  nonmagnetic  metal;  all  contain  a  compass 
chamber  within  which  the  compass  is  suspended  in  its  gimbal  ring,  the  knife  edges 
upon  whidi  it  is  suspended  resting  in  V-shaped  bearing;  an  appropriate  method  is 
scpplied  for  centering  the  compass.  A  hood  is  provided  for  the  protection  of  the 
compass  and  for  lighting  it  at  night.  Binnacles  must  be  rigidly  secured  to  the  deck 
of  the  vessel  in  such  position  that  the  lubber's  line  of  the  compass  gives  true  indicatioDB 
of  the  direction  of  the  ship's  head.  ,^-.  ■ 
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The  position  of  the  various  binnaclee  on  shipboard  and  the  heiiGlit  at  which  thej 
carry  the  compass  must  be  chosen  with  regard  to  the  pumose  which  the  compass  is 
to  serve,  haviiif^  in  mind  the  magnetic  conoitions  of  the  snip. 

Compensating  binnacles  contain  the  appliances  for  carrymethe  various  correctors 
used  in  the  compensation  of  the  deviation  of  the  compass.  These  consist  of  (a)  a 
system  of  permanent  magnets  for  semicircular  deviation,  placed  in  a  magnetic 
chamber  lymg  immediately  beneath  the  compass  chamber,  so  arranged  as  to  permit 
variation  m  3ie  height  and  number  of  the  magnets  employed;  (6)  a  pair  of  arms 
projecting  horizontally  from  the  compass  chamber  and  supportii^  masses  of  soft 
trou  for  quadrantal  deviation'  (c)  a  central  tube  in  the  vertical  axis  of  the  binnacle 
tor  a  penutment  magnet  used  to  correct  the  heeling  error;  and  (d)  an  attachment, 
sometmies  fitted,  for  securing  a  vertical  soft-iron  rod,  or  "Flinders  bar,"  used  in 
certain  cases  for  correction  of  a  part  of  the  semicircular  deviation.  An  explanation 
of  the  various  terms  here  used,  together  with  the  method  of  compensating  the  com- 
pass, will  be  given  in  Chapter  III. 

THB  PBXABTTS. 

36.  This  instrument  consists  of  a  circular  flat  metallic  ring,  mounted  in  gimbals, 
npon  a  vertical  standard  at  some  point  on  board  ship  affording  a  clear  view  for  taking 
bearings.  The  inner  edge  of  this  ring  is  engraved  in  degrees— the  360°  and  the  ISO 
marics  indicating  a  fore-and-aft  line  parallel  to  the  k^l  of  the  ship.  Within  this 
ring  a  jground-gl^  dial  is  pivoted  concentrically.  This  ground-glass  dial  has  painted 
upon  it  a  compass  rose  divided  into  points  and  subdivisions  and  into  360  .  This 
dial  is  capable  of  revolution^  but  mav  be  clamped  to  the  outside  ring.  Pivoted 
concentrically  with  the  flat  rmg  and  tne  glass  dial  is  a  horizontal  bar  carrying  at 
both  of  its  extremes  a  sight  vane,  or,  mounted  upon  the  bar  and  parallel  to  it^  a 
telescope  containing  cross  wires.  This  sig^t-vane  bar  can  be  clamped  in  any  position 
independently  of  tne  ground-glass  dial,  which  can  be  moved  freely  beneath  it.  An 
indicator  showing  the  direction  the  sight^Tane  bar  points  can  be  read  upon  the  com- 
pass card  on  the  glass  dial. 

The  instrument  is  used  for  taking  bearings  of  distant  objects,  and,  at  times, 
may  be  more  convenient  than  the  standard  compass  for  that  purpose  on  accoimt  of 
the  better  view  commanded  by  its  position,  as  well  as  because  it  may  be  made  to 
e^minate  compass  errors  from  observed  bearings^  thus  reducing  the  bearings  observed 
to  magnetic  or  true  bearings.  If  the  glass  dial  be  revolved  until  the  degree  of 
demarcation  which  is  coincident  with  the  right-ahead  marking  on  the  flat  ring  is  the 
same  as  that  which  points  to  the  lubber's  line  of  the  standard  compass,  tnen  all 
directions  indicated  by  the  glass  will  be  parallel  to  the  corresponding  directions  of 
the  standard  compass,  and  aU  bearings  taken  by  the  pelorus  will  be  identical  with 
those  taken  by  the  compass  (leaving  out  of  the  question  the  difference  due  to  the 
distance  which  separates  them).  If  it  is  known  that  the  ship's  compass  has  a  certain 
error  due  to  deviation  of  the  compass  and  if  the  glass  dial  be  set  to  allow  for  this 
deviation,  then  all  bearings  read  from  the  pelorus  will  be  magnetic.  If  the  dial  be 
set  allowing  for  both  deviation  and  variation  of  tbe  compass,  then  all  bearings  read 
will  be  true.  It  should  be  noted^  however,  that  the  bearings  taken  by  pelorus  will 
be  accurate  only  when  the  ship  is  on  her  exact  course  by  standard  compass.  For 
this  reason  it  is  usual  to  take  a  bearing  by  pelorus,  at  the  same  time  noting  the 
heading  by  standard  compass^  and  clamping  the  sight  vane;  then,  moving  the  glass 
dial  witil  the  direction  opposite  the  dead-anead  mark  is  the  same  as  that  noted  by 
the  standard  compass,  the  bearing  observed  (corrected  for  the  variation  and  for  the 
deviation  of  the  tiding  at  the  instaiit  of  observation)  will  be  the  true  bearing. 

The  pelorus  described  above  is  of  the  most  modem  type  and  is  fitted  for  illu- 
minating the  glass  dial  from  below  in  order  to  facilitate  ni^t  work. 

Peloruses  whose  dials  are  controlled  by  a  master  gyroscopic  compass  of  course 
indicate  at  once  the  true  bearing  of  the  object  observedT 

When  fitted  with  a  telescope  the  pelorus  may  be  used  to  take  the  azimuth  of 
stars. 

He  standard  compass  is  usually  located  in  the  ship  in  the  central  fore-and-aft 
line  which  is  established  from  the  builders'  marks  placed  in  th^t  vicinity.    The 
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standard  comp&sa  being  located,  all  pelonisea  may  be  oriented  from  it  by  any  one 
of  the  following  methods: 

(a)  By  making  the  azimuth  of  a  celestial  body,  taken  by  the  pelorua,  coincide 
with  the  suaultaneous  azimuth  of  the  same  body  taken  by  the  standard  compass. 

(h)  By  a  similar  process  with  distant  objects;  and  the  parallax  may  be  entire^ 
eliminated  in  an  apparently  near  object,  in  view  of  the  moderate  distance  that 
usually  separates  the  two  instruments  on  board  ship. 

(fi)  By  reciprociil  bearings  between  the  correct  instrumeot  and  the  inatrument 
to  be  established;  it  is  evident  that  if  the  lubber  lines  of  the  two  instruments  are 
both  in  the  direction  of  the  keelline^  the  bearing  of  the  sight  vane  of  each  frcou  the 
other  (one  being  reversed)  should  comcide. 

(d)  By  computing  the  an^le  subtended  at  the  pelorua  by  the  fore-and-aft  line 
through  the  peloms  and  the  hne  drawn  through  the  pelorus  to  the  jack  staff,  and 
setting  the  pelorus  at  this  angle  and  sighting  on  the  jack  staff. 

37.  A  nautical  cJiart  is  a  miniature  representation  upon  a  plane  surface,  in 
accordance  with  a  definite  system  of  projection  or  development,  of  a  portion  of  the 
navigable  waters  of  the  world.  It  generally  includes  the  outline  of  the  adjacent 
land,  together  with  the  surface  forms  and  artificial  features  that  are  useful  as  aids 
to  navigation,  and  sets  forth  the  depths  of  water,  especially  in  the  near  approaches 
to  the  land,  by  soundings  that  are  fixed  in  position  bv  accurate  determmations. 
Except  in  charts  of  harbors  or  other  localities  so  limitea  that  the  curvature  of  the 
earth  is  inappreciable  on  the  scale  of  construction,  a  nautical  chart  is  always  framed 
over  with  a  network  of  parallels  of  latitude  and  meridians  of  longitude  in  relation 
to  which  the  features  to  be  depicted  on  the  chart  are  located  and  drawn;  and  the 
mathematical  relation  between  the  meridians  and  parallels  of  the  chart  and  those 
of  the  terrestrial  sphere  determines  the  method  of  measurement  that  is  to  be  employed 
on  the  chart  and  the  special  uses  to  which  it  is  adapted. 

88.  There  are  three  principal  systems  of  projection  in  use:  (o)  the  MercaUn; 
(b)  the  polyconic,  and  (c)  the  gnomonie;  of  these  theMercatorisby  farthe  most  general^ 
used  for  purposes  of  navigation  proper,  while  the  polyconic  and  the  gnomonie  charts 
are  employed  for  nautical  purposes  in  a  more  restricted  manner,  as  for  plotting 
survgrs  or  for  facilitating  great  circle  sailing. 

39.  The  MEBOAToa  Pbojbction. — The  Mercator  Projectwn,  so  called,  may  be 
said  to  result  from  the  development,  upon  a  plane  surface,  of  a  cylinder  which  is 
tangent  to  the  earth  at  the  equator,  the  various  points  of  the  earth^  surface  having 
been  projected  lyon  the  cjlinder  in  such  manner  that  the  hxodromic  curve  or 
rhumh  line  (art.  6,  Chap.  I)  appears  as  a  right  line  preserving  the  same  angle  of 
bearing  with  respect  to  the  intersected  meridians  as  does  the  ship's  track. 

In  order  to  realize  this  condition,  the  line  of  tangency,  which  coincides  with  the 
earth's  equator,  being  the  circumference  of  a  right  section  of  the  cylinder,  will  appear 
as  a  right  line  on  the  development;  while  the  series  of  elements  of  the  cyBnder 
corresponding  to  the  projected  terrestrial  meridians  will  appear  as  equidistant  right 
lines,  parallel  to  each  other  and  perpendicular  to  the  equator  of  the  chart,  main- 
taining the  same  relative  positions  and  the  same  distance  apart  on  that  equator  as 
the  meridians  have  on  the  terrestrial  spheroid.  The  series  of  terrestrial  parallels 
wiU  also  appear  as  a  system  of  right  lines  parallel  to  each  other  and  to  the  equator, 
and  will  so  mtersect  the  meridians  as  to  form  a  system  of  rectangles  whose  altitudes, 
for  successive  intervals  of  latitude,  must  be  variable,  increasing  from  the  equator  in 
such  maimer  that  the  angles  made  by  the  rhumb  line  with  the  meridian  on  tne  chart 
may  maintam  the  required  equality  with  the  corresponding  angles  on  the  spheroid. 
,  40.  Meridional  Pabts. — At  the  equator  a  degree  of  longitude  is  equal  to  a 
degree  of  latitude,  but  in  receding  from  the  equator  and  approaching  the  pole,  while 
the  degrees  of  latitude  remain  always  of  the  same  length  (save  for  a  slight  change 
due  to  the  fact  that  the  earth  is  not  a  perfect  sphere),  the  degrees  of  longitude  become 
less  and  less. 

Since,  in  the  Mercator  projection,  the  degrees  of  longitude  are  made  to  appear 
everywhere  of  the  same  length,  it  becomes  necessary,  in  order  to  preserve  the  propor- 
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tion  th&t  exists  at  different  parts  of  the  earth's  surface  between  degrees  of  latitude 
and  degrees  of  longitude,  that  the  former  be  increaaed  from  their  natural  lengths, 
and  sum  increase  must  become  greater  and  greater  the  higher  the  latitude. 

Tha  length  of  the  meridian,  as  thus  increased,  between  the  equator  and  any 
giren  latitude,  expressed  in  minutes  at  the  equator  as  a  imit,  constitutes  the  numbw 
of  Mendional  Parts  corresponding  to  that  latitude.  The  Table  of  Meridional  Parts 
or  Increased  Latitudes  (Table  3),  computed  for  every  minute  of  latitude  between  0" 
and  80°,  affords  facilities  for  constructing  charts  on  the  Mercator  projection  and  for 
solving  problems  in  Mercator  sailing. 

4:1.  To  CoNBTKDcr  A  MiatoATOR  Chabt." — If  the  chart  for  which  a  projection 
is  to  be  made  includes  the  equator,  the  values  to  be  measured  off  are  given  directly 
by  Table  3.  If  the  equator  does  not  come  upon  the  chart,  then  the  parallels  of 
Wiitude  to  be  laid  down  should  be  referred  to  a  prin«ipa2  faraUd,  preferably  the  lowest 
parallel  to  be  drawn  on  the  chart.  The  distance  of  any  other  parallel  of  latitude 
mun  the  principal  parallel  is  then  the  (Terence  of  the  Tuues  for  the  two  taken  from 
Table  3. 

The  values  so  found  may  either  be  measured  off,  without  previous  numerical 
conversion,  by  means  of  a  diagonal  scale  constructed  on  the  chart,  or  they  may  be 
laid  down  on  the  chart  t^  means  of  any  properly  divided  scale  of  yards,  meters,  feet, 
or  milee.  after  having  been  reduced  to  the  scale  of  proportions  adopted  lor  the  chart. 

If,  lor  example,  it  be  required  to  construct  a  chart  on  a  scale  of  one-quarter  of  an 
inch  to  five  minutes  of  arc  on  the  equator,  a  diagonal  scale  may  first  be  constructed, 
on  which  ten  meridional  parts,  or  ten  minutes  of  arc  on  the  equator,  have  a  length 
of  half  an  inch. 

It  may  often  be  desirable  to  adapt  the  scale  to  a  certain  allotment  of  paper.  In 
this  case,  the  lowest  and  the  bluest  parallels  of  latitude  may  first  be  drawn  on  the 
sheet  on  which  the  transfer  is  to  be  made.  The  distance  between  these  parallels 
may  then  be  measured,  and  the  number  of  meridional  parts  between  them  ascertained. 
Dividing  the  <hBtance  by  this  number  will  then  give  the  length  of  one  meridional 
part,  or  the  quantity  by  which  aR  the  meridional  parts  taken  from  Table  3  must  be 
multiplied.  This  quantity  will  represent  the  aaUe  ofihe  diart.  If  it  occurs  that  the 
limits  of  longitude  are  a  governing  consideration,  the  case  may  be  similarlT  treated. 

Example:  Let  a  projection  be  required  for  a  chart  of  14°  extent  in  longitude 
between  the  parallels  of  latitude  20°  30'  and  30°  25',  and  let  the  space  allowable  on 
the  paper  between  these  parallels  measure  10  inches. 

Entering  the  column  m  Table  3  headed  20°,  and  running  down  to  the  line  marked 
30'  in  the  side  column^  will  be  found  1248.9;  then,  entermg  the  column  30°,  and 
running  down  to  the  hne  25',  vrill  be  found  1905.5.  The  difference,  or  1906.5  — 
1248.9  "•656.6,  is  the  value  of  the  meridional  aro  between  these  latitudes,  for  which 
1'  of  arc  of  the  equator  is  taken  as  the  unit.     On  iha  intended  projection,  therefore, 

1'  of  arc  of  longitude  will  measure  -      ^—0.0152  inch,  which  will  be  the  scale  of  the 

chart.  For  the  sake  of  brevity  call  it  0.015.  Bj  this  quantity  all  the  values  derived 
from  Table  3  will  have  to  be  multiplied  before  laying  them  down  on  the  projection,  if 
they  are  to  be  measured  on  a  diagonal  scale  of  one  mch. 

Draw  in  the  center  of  the  sheet  a  straight  line,  and  assume  it  to  be  the  middle 
meridian  of  the  chart.  Construct  very  carefully  on  this  line  a  perpendicular  near 
the  lower  border  of  the  sheet,  and  assume  this  perpendicular  to  be  the  parallel  of 
latitude  20°  30':  this  will  be  the  southern  inner  neat  line  of  the  chart.  From  the 
intersection  of  tne  lines  lay  off  on  the  parallel,  on  each  side  of  the  middle  meridian, 
seven  degrees  of  longitude,  or  distances  each  equal  to  0.015X60x7  —  6.3  inches; 
and  through  the  points  thus  obtained  draw  lines  parallel  to  the  middle  meridian, 
and  these  will  be  the  eastern  and  western  neat  lines  of  the  chart. 

In  order  to  construct  the  parallel  of  latitude  for  21°  00',  find,  in  Table  3,  the 
meridional  parts  for  21°  00',  which  are  1280.8.  Subtracting  from  this  ntmiber  the 
number  for  20°  30',  and  multiplying  the  difference  by  0.015,  we  obtain  0.478  inch, 
which  is  the  distance  on  the  cnart  between  20°  30'  and  21°  00'.    On  the  meridians 
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lay  off  distances  equal  to  0.478  inch,  and  throueh  the  three  points  thtis  obtained 
draw  a  straight  line,  which  will  be  the  parallel  or21°  00'. 

Proceed  in  the  same  manner  to  lay  down  all  the  parallels  answering  to  fuD 
degrees  of  latitude;  the  distances  will  be  respectively: 

0'».015  X  (1344.9  - 1248.9)  - 1.440  inches. 
O'o.OlSX  (1409.5 -1248.9) -2.409  inches. 
O'MOS  X  (1474.5  - 1248.9)  -  3.384  inches,  etc. 

Thus  will  be  shown  the  parallels  of  latitude  22°  GO',  23°  00',  24°  00',  etc.  Finally, 
lay  down  in  the  same  way  the  parallel  of  latitude  30°  25',  which  wiU  be  the  northern ' 
inner  neat  line  of  the  chart. 

A  degree  of  longitude  will  measure  on  this  chart  0'".015X60  =  0'",9,  Lay  t^. 
therefore^  on  the  lowest  parallel  of  latitude  drawn  on  iJie  chart,  on  a  middle  one,  ana 
on  the  highest  parallel,  measuring  from  the  middle  meridian  toward  each  side,  the 
distances  of  0'''.9^  I'^.S,  2'" .7,  3"'.&,  etc.,  in  order  to  <fetermine  the  points  where 
meridians  answenng  to  fuU  degrees  cross  the  parallels  drawn  on  the  chart.  Through 
the  points  thus  found  draw  the  meridians.  Draw  then  the  outer  neat  lines  of  the 
chart  at  a  convenient  distance  outside  of  the  inner  neat  lines,  and  extend  to  them  the 
meridians  and  parallels.  Between  the  inner  and  outer  neat  hues  of  the  chart  sub- 
divide the  degrees  of  latitude  and  longitude  as  minutely  as  the  scale  of  the  chart  will 
permit,  the  subdivisions  of  the  degrees  of  lonntude  being  found  by  dividing  the 
degrees  into  equal  parts,  and  the  subdivisions  of  the  degnoB  of  latitude  being  accu- 
rately found  in  the  same  manner  as  the  full  degrees  of  latitude  previously  described, 
though  it  will  generally  be  found  sufficiently  exact  to  make  even  subdivisions  of  the 
degrees,  as  in  the  case  of  the  lon^tude. 

The  subdivisions  between  the  two  eastern  as  well  as  those  between  the  two 
western  neat  lines  will  serve  for  measuring  or  estimating  terrestrial  distances.  Dis- 
tances between  points  bearing  North  and  South  of  eatSi  other  may  be  ascertained 
by  referring  them  to  the  subdivisions  between  the  same  parallels.  Distances  repre- 
sented by  unea  at  an  angle  to  the  meridians  (loxodromic  lines)  may  be  measured 
by  taking  between  the  dividers  a  small  number  of  the  subdivisions  near  the  middle 
latitude  of  the  line  to  be  measured,  and  stepping  them  off  on  that  line.  If,  for 
instance,  the  terrestrial  length  of  a  line  running  at  an  angle  to  the  meridians  between 
the  parallels  of  latitude  of  24°  00'  and  29°  00' be  re<]uired^  the  distance  shown  on  the 
neat  space  between  26°  15'  and  26°  45'  ( —  30  nautical  miles)  may  be  t^en  between 
the  dividers  and  stepped  off  on  that  line. 

42.  Coast  lines  and  other  positions  are  plotted  on  ih»  chart  hy  their  latitude 
and  longitude.  A  chart  may  be  transferred  from  any  other  projection  to  that  of 
Mercator  by  drawing  a  system  of  corresponding  parallels  of  latitude  and  meridians 
ovOT  both  charts  so  close  to  each  other  as  to  form  minute  squares,  and  then  the  lines 
and  characters  contained  in  each  square  of  the  map  to  be  transferred  may  be  copied 
by  the  eye  in  the  corresponding  squares  of  the  Mercator  projection. 

Since  the  unit  of  measure,  the  mile  or  minute  of  latitude,  has  a  differoit  value 
in  every  latitude,  there  is  an  appearance  of  distortion  in  a  Mercator  chart  that  covers 
any  large  extent  of  surface;  for  instance,  an  island  near  the  pole  will  be  represented 
as  being  much  lai^er  than  one  of  the  same  size  near  the  equator,  due  to  liie  different 
scale  used  to  preserve  the  character  of  the  projection. 

4S.  The  Poltconio  Peojeotion. — ^Thia  projection  is  based  upon  the  develop- 
ment of  the  earth's  surface  on  a  series  of  cones,  a  different  one  for  each  parallel  of 
latitude,  each  one  having  the  parallel  as  its  base,  and  its  vertex  in  the  point  where  a 
tangent  to  the  earth  at  that  latitude  intersects  the  earth's  axis.  The  degrees  of 
latitude  and  longitude  on  this  chart  are  projected  in  their  true  length,  and  the  general 
distortion  of  the  figure  is  less  than  in  any  other  method  of  projection,  the  relative 
magnitudes  being  closely  preserved. 

A  straight  une  on  the  polyconic  chart  represents  a  near  approach  to  a  great 
circle,  making  a  slightly  different  angle  with  each  successive  meridian  as  the  meridians 
converge  toward  the  pole  and  are  theoretically  curved  lines;  but  it  is  only  on  charts 
of  laige  extent  that  this  curvature  is  apparent;  the  parallds  are  also  curved,  this 
fact  being  apparent  to  the  eye  upon  all  excepting  the  Wgeet  scale  charto. 
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This  method  of  projectioa  is  especially  adapted  to  the  plotting  of  surv^s;  it 
is  also  ^aployed  to  some  extent  in  the  charta  of  the  United  States  Coast  and  Geodetic 
Survey. 

44.  Qnohonio  Fbojectiok. — ^This  is  based  upon  a  system  in  which  the  plane 
of  projection  is  tangent  to  the  earth  at  some  ^ven  pointy  the  eye  of  the  spectator 
is  situated  at  the  center  of  the  sphere,  where,  bemg  at  once  m  the  plane  of  every  great 
circle,  it  will  see  all  such  circles  projected  as  straight  lines  where  the  visual  rays 
passing  through  them  intersect  the  plane  of  projection.  In  a  gnomonic  chart,  the 
straight  line  between  any  two  points  represents  the  arc  of  a  great  circle,  and  is  there- 
tore  the  shortest  line  between  those  pointe. 

Excepting  in  the  polar  regions,  lor  which  latitudes  the  Mercator  projection  can 
not  be  constructed,  the  gnomonic  charts  are  not  used  for  general  navigating  purposes. 
Their  greatest  application  is  to  afford  a  ready  means  of  finding  the  course  and  distance 
at  any  time  in  great  circle  sailing,  the  method  of  doing  which  will  be  explained  in 
Chapter  V. 

45.  Mkbidians  Adopted  in  the  CoNSTBucnoN  or  Chabts. — ^The  nautical 
charts  published  by  the  United  States  are  based  upon  the  meridian  of  Greenwich, 
and  this  meridian  is  aJso  the  origin  of  longitudes  in  use  on  the  nautical  charts  pub- 
lished by  the  Governments  of  Argentina,  Aiistiia,  Belgium,  Brazil,  Chile,  Dmmar^ 
France,  Germany,  Great  Britain,  Holland  (for  all  charts  published  at  Batavia  ajia 
for  some  published  at  The  Hague),  Italy,  Japan,  Norway,  Bussia,  and  Sweden. 

In  addition  to  the  meridiui  of  Greenwich,  the  mericUan  of  Pulkowa  Ohservatoiy, 
at  St.  Petersbui^g,  in  longitude  30°  19'  40*  east  of  Greenwich,  is  sometimea  referpsd 
to  in  the  Russian  charts.  At  one  time  the  Royal  Observatory  at  Kaples,  in  longitude 
1 4°  15'  26' '  east  of  Greenwich,  was  referred  to  in  the  Italian  charts,  and  the  observatoiy 
at  Christiania,  in  longitude  10°  43'  23"  east  of  Greenwich,  was  referred  to  in  the 
Norwegian  charts. 

The  French  charts  are  based  both  upon  the  meridian  of  Greenwich  and  of  the 
Observatory  at  Paris,  which  has  been  determined  to  be  in  longitude  2°  20'  14.6"  east 
of  Greenwich.  The  longitudes  of  a  few  Dutch  charts  published  at  The  Hague  are 
recbsned  from  the  meridian  of  the  west  tower  of  the  cathedral  at  Amsterdam,  which 
is  in  liumtude  4°  53'  0 1.5"  east  of  Greenwich.  Portugueee  charts  refer  to  the  meridian 
of  the  observatory  of  Lisbon  Castle,  which  is  9°  07  "54.86"  west  of  Greenwich,  and 
to  the  meridian  of  Greenwich.  In  Spain  the  meridian  of  San  Fernando  Observatory, 
at  Cadiz,  which  is  in  longitude  6°  1^  20"  west  of  Greenwich,  and  also  the  meriduji 
of  Greenwich,  are  used. 

46.  QuAtiTT  OF  BoTTOu. — The  following  table  shows  the  qualities  of  the 
bottom,  as  ecq>ressed  on  charts  of  various  nations: 
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17.  Mbasusbs  of  Depth. — The  following  table  showB  the  units  of  measure 
employed  in  expre^ing  the  soundings  in  the  more  modem  nautical  charts  of  foreign 
nations  toeether  with  their  equivalente  in  the  tmits  of  measure  used  in  the  charts 
published  by  the  United  States: 
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48.  The  barometer  is  an  instrument  for  measuring  the  pres- 
sure of  the  atmosphere,  and  is  of  great  service  to  the  manner 
in  affording  a  knowledge  of  existing  meteorological  conditions 
and  of  the  probable  changes  therein.  There  are  two  classes  of 
barometer — mercurial  axa  aneroid. 

49.  Thb  Meucubiai.  Babouetbb. — ^This  instrument,  in- 
vented by  Torricelli  in  1643,  indicates  the  pressure  of  the  atmos- 
phere by  the  height  of  a  column  of  mercury. 

If  a  glass  tube  of  uniform  internal  diameter  somewhat 
more  than  30  inches  in  length  and  closed  at  one  end  be  com- 
pletely filled  wi^  pure  mercury,  and  then  placed,  open  end 
down,  in  a  cup  of  mercury  (the  open  end  having  been  tempo- 
rarily sealed  to  retain  the  liquid  during  the  process  of  inverting), 
it  will  be  found  that  the  mercury  in  the  tube  will  fall  until  the 
top  of  the  column  is  about  30  inches  above  the  level  of  that 
which  is  in  the  cup,  leaving  in  the  upper  part  of  the  tube  a 
vacuum.  Since  the  weight  of  the  column  of  mercury  thus  left 
standing  in  the  tube  is  equal  to  the  pressure  by  which  it  is  held 
in  position — namely,  that  of  the  atmospheric  air — it  foUows  that 
the  hei^t  of  the  column  is  subject  to  variation  upon  variation  of 
that  pressure;  hence  the  mercury  falls  as  the  pressure  of  the 
atmosphere  decreases  and  rises  as  that  pressure  increases.  The 
mean  pressure  of  the  atmosphere  is  equal  to  nearly  15  pounds 
to  the  square  inch;  the  mean  height  of  the  barometer  is  about 
30  inches. 

50.  In  the  practical  construction  of  the  barometer  the  ^aas 
tube  which  contains  the  mercury  is  encased  in  a  brass  tube,  the 
latter  terminating  at  the  top  in  a  ring  to  be  used  for  suspension, 
and  at  the  bottom  in  a  flange,  to  which  the  several  parts  form- 
ing the  cistern  are  attaches.  The  upper  part  of  the  brass 
tube  is  partially  cut  away  to  expose  the  mercurial  column  for 
observation;  abreast  this  opening  is  fitted  a  scale  for  measur- 
ing the  height,  and  along  the  scale  travels  a  vernier  for  exact 
reading;  the  motion  of  the  vernier  is  controUed  by  a  rack  and 

pinion,  thelatterhavinga  milled  head  accessible  to  the  observer, 

FiQ.  t.        "y  which  the  adjustment  is  made.    In  the  middle  of  the  brass   no.  4. 
tube  is  fixed  a  thermometer,  the  bulb  of  which  is  covered  from 
the  ouCaide  but  open  toward  the  mercury,  and  which,  being  nearly  in  contact  with 
the  glass  tube,  indicates  the  temperature  of  the  mercury  andnot  that  of  the  external 
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air;  the  central  position  of  the  column  is  selected  in  order  that  the  mean  tctmperature 
may  be  obtained^a  matter  of  importance,  as  the  temperature  of  the  mercurial 
column  must  be  taken  into  account  m  every  accurate  applicatiou  of  its  readii^. 

51.  In  the  arrangement  of  further  details  mercurial  barometers  are  (fivided 
into  two  classes,  according  as  they  are  to  be  used,  as  Standards  (fig.  4)  on  shore,  or 
88  Sea  Barometers  (fig.  3)  on  shipboard. 

In  the  Standard  Barometer  the  scale  and  vernier  are  so  graduated  as  to  enable 
an  observer  to  read  the  height  of  the  mercurial  column  to  the  nearest  0.002  inch, 
while  in  the  Sea  Barometer  the  reading  can  not  be  made  closer  than  0.01  inch. 

The  instrumente  also  diSer  in  the  method  of  obtaining  the  true  hei^t  of  the 
meFcurial  column  at  varying  levels  of  the  liquid  in  the  cistern.  It  is  evident  that 
as  the  mercury  in  the  tube  rises,  upon  increase  of  atmospheric  pressure,  the  mercury 
in  the  cistern  must  fsJl;  and,  conversely,  when  the  mercurial  column  falls  the  amount 
of  fluid  in  the  cistern  will  thereby  be  increased  and  a  rise  of  level  will  occur.  Aa  the 
hei^t  of  Uie  mercurial  column  is  required  above  the  existing  level  in  the  cistern, 
some  means  must  be  adopted  to  obtain  the  true  height  under  vat^dng  conditions. 
In  the  Standard  Barometer  the  mercury  of  the  cistern  is  contained  m  a  leather  bag. 

Sainst  the  bottom  of  which  presses  the  point  of  a  vertical  screw,  the  milled  hew 
the  screw  projecting  from  the  bottom  of  the  instrument  and  thus  placing  it  imder 
control  of  the  ODserver.  By  this  means  the  surface  of  the  mercury  in  the  cistern 
(which  is  visible  through  a  glass  casing)  may  be  raised  or  lowered  until  it  exactly 
coincides  with  that  level  which  is  chosen  as  the  zero  of  the  scale,  and  which  is  indicated 
by  an  ivory  pointer  in  plain  view. 

In  the  Sea  Barometer  there  is  no  provision  for  adjusting  the  level  of  the  cistern 
to  a  fixed  point,  but  compensation  for  the  variable  level  ia  made  in  the  acale  gradu- 
ations; a  division  representing  an  inch  on  the  scale  is  a  certain  fraction  short  of  the 
true  inch,  proper  allowance  being  thus  made  for  the  rise  in  level  which  occurs  with 
a  fall  of  Uie  column,  and  for  the  reverse  condition. 

Further  modification  is  made  in  the  Sea  Barometer  to  adf^t  it  to  the  special 
use  for  which  intended.  The  tube  toward  its  lower  end  is  much  contracted  to  prevent 
the  oscillation  of  the  mercurial  column  known  as  "pumping,"  which  arises  from  the 
motion  of  the  ship ;  and  just  below  thispoint  ia  a  trap  to  arrest  an^  small  bubbles 
ot  air  from  finding  their  way  upward.  Ine  instrument  aboard  ^p  is  suspended  in 
a  revolving  center  ring,  in  gimbab,  supported  on  a  horizontal  brass  arm  which  is 
screwed  to  the  bulkh^d;  a  vertical  p<mtion  is  thus  maintained  by  the  tube  at  all 

52.  The  vernier  is  an  attachment  for  facilitating  the  exact  reading  of  the  scale 
of  the  barometer,  and  is  also  applied  to  many  other  mstruments  of  precision,  as,  for 
rumple,  the  sextant  and  theodohte.  It  consists  of  a  metal  scale  similar 
in  general  construction  to  that  of  the  instrument  to  which  it  is  fitted,  and 
arranged  to  move  alongside  of  and  in  contact  with  the  main  sc^e. 

^LO  general  principle  of  the  vernier  requires  that  its  scale  shall  have 
a  total  length  exactly  equal  to  some  whole  number  of  divisions  of  the  scale 
of  the  instrum^it  and  that  this  length  shall  be  subdivided  into  a  number 
of  parts  equal  to  1  more  or  1  less  than  the  number  of  divisions  of  the 
instrument  scale  which  are  covered;  thus,  if  a  space  of  9  divisions  of  the 
main  scale  be  designated  as  the  length  of  the  vernier,  the  vernier  scale 
would  be  divided  into  either  S  or  10  parts. 

Suppose  that  a  barometer  scale  be  divided  into  tenths  of  an  inch  and 
that  a  length  of  9  divisions  of  such  a  scale  be  divided  into  10  parts  for  a 
vernier  (fig.  6) ;  and  suppose  that  the  dividons  of  the  vernier  be  numbered 
coDsecu^vely  from  zero  at  the  oric^  to  10  at  the  upper  extremity.  If,  now, 
by  means  of  the  movable  rack  and  pinion,  th^bottom  or  zero  division  of  the 
Temier  be  brought  level  with  the  top  of  the  mercurial  column,  and  that 
division  faUs  into  exact  coincidence  with  a  division  of  the  main  scale,  then 
tiie  height  of  the  column  will  correspond  with  the  scale  reading  indicated. 
In  BucE  a  case  the  top  of  the  vernier  will  also  exactly  coincide  with  a 
scale  division,  but  none  of  the  intermediate  divisions  will  be  evenly  abreast 
of  such  a  division:  the  division  marked  "1"  will  fall  short  of  a  scale 
division  by  one-tenth  of  1  division  of  the  scale,  or  by  0.01  inch;  that  marked  "2"  by 
two-tentl^  of  a  division,  or  0.02  inch;  and  so  on.    If  the  vernier,  instead  pf  having 
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the  zero  coiiicide  with  a  scale  division,  has  tJbe  dirifflon  "  1 "  in  snch  coiocidence, 
it  follows  that  the  merctirial  coltinm  stands  at  0.01  inch  above  tiiat  scale  divimon 
which  is  next  below  the  zero;  for  the  division  "2,"  at  0.02  inch;  and  similarly  for 
the  others.  In  the  case  portrayed  in  figure  5,  the  reading  of  the  cohunn  is  2d.Sl 
inches,  the  scale  division  next  below  the  zero  being  29.80  inches,  while  the  fact  that 
the  first  division  is  abreast  a  mark  of  the  sc^  shows  that  0.01  inch  most  be  added 
to  this  to  obtain  the  exact  reading. 

Had  an  example  been  chosen  in  which  8  vernier  divimons  covered  0  scale 
divisions — that  is,  where  the  number  of  vernier  divi^ons  was  1  less  than  the  nmnber 
of  scale  divisions  covered— the  principle  would  still  have  applied.  But,  instead  of 
the  lenMh  of  1  division  of  the  vernier  falling  short  of  a  division  of  the  scale  by  one- 
tenth  the  len^h  of  the  latter,  it  would  have  fallen  beyond  by  one-eighth.  To  read  in 
such  a  case  it  would  therefore  be  necessary  to  number  the  vernier  divisions  from 
up  downward  and  to  r^ard  the  subdivisions  as  -^  instead  of  0.01  inch. 

It  is  a  general  rule  that  the  smallest  measure  to  which  a  vernier  reads  is  equal 
to  the  length  of  1  division  of  the  scale  divided  by  the  number  of  divisions  of  the 
vernier;  hence,  by  varying  either  the  scale  or  the  vemier,  we  may  arrive  at  aay 
subdivi^ou  that  may  be  desired. 

53.  The  Sea  Barometer  is  arranged  as  described  for  the  instrument  assumed  in 
the  illustration;  the  scale  divisions  are  tenths  of  an  inch,  and  the  vernier  has  10 
divisions,  whence  it  reads  to  0.01  inch.  It  ia  not  necessary  to  seek  a  closer  reading, 
as  complete  accuracy  is  not  attunable  in  observing  the  height  of  a  barometer  on  a 
vessel  at  sea,  nor  is  it  essential.  The  Standard  Barometer  on  shore,  however,  ia 
capable  of  very  exact  reading;  hence  each  scale  division  is  made  equal  to  half  a 
tenth,  or  0.05  inch,  while  a  vemier  covering 24  such  divisions  is  divided  mto  25  parte; 
hence  the  column  may  be  read  to  0.002  in^, 

54.  To  adjust  the  vemier  for  reading  the  height  of  the  mercurial  colmnn  the 
^e  should  be  brought  exactly  on  a  level  with  the  top  of  the  column;  that  is,  the  line 
of  sight  should  be  at  right  angles  to  the  scale.  When  properly  set,  the  front  and 
rear  edges  of  the  vernier  and  uie  uppermost  point  of  the  mercury  should  all  be  in 
the  line  of  sight.  A  piece  of  white  paper,  held  at  the  back  of  the  tube  so  as  to  reflect 
the  light,  assists  in  accurately  setting  tne  vemier  by  day,  while  a  small  bull's-eye 
lamp  held  behind  the  instrument  enables  the  observer  to  get  a  correct  readinz  al 
night.  When  observing  the  barometer  it  should  hang  freely,  not  being  inclined  by 
huding  or  even  by  touch,  because  any  inclination  wul  cause  the  column  to  rise  in 
the  tube. 

65.  Other  things  being  equal,  the  mercury  will  stand  higher  in  the  tube  when 
it  is  warm  than  when  it  is  cold,  owing  to  expansion.  For  the  purposes  of  comparison, 
all  barometric  observations  are  reduced  to  a  standard  which  assumes  32°  F.  as  the 
temperature  of  the  mercurial  colunm,  and  62°  F.  as  that  of  the  metal  scale;  it  ia 
therefore  important  to  make  this  reduction,  as  w^  as  that  for  instrumental  error 
(art.  57),  in  order  to  be  enabled  to  compare  the  true  barometric  pressure  with  the 
normal  that  may  be  expected  for  any  locality.  The  following  table  gives  the  value 
of  this  correction  for  each  2°  F.,  the  plus  sign  showing  that  the  correction  is  to  be 
added  to  the  reading  of  the  ship's  barometor  and  the  minus  sign  that  it  is  to  be 
subtracted: 
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As  an  example,  let  the  obeerved  reading  of  the  mercurial  barometer  be  29.95 
inchee,  and  the  temperature  as  given  hj  the  attached  thermometer  74° ;  then  we  have: 

Observed  height  of  the  mercQiT 29. 96 

CoiTection  for  t«mpei»ture  {74') —0. 12 

Ho^t  of  the  BKOtraxj  »t  gtandvd  tempenture 29. 83 

56,  Thb  ANBBom  Bakoheter. — This  is  an  instrument  in  which  the  preesure 
of  the  air  is  measured  by  means  of  the  elasticity  of  a  plate  of  metal.  It  consists  of  a 
cylindrical  braes  box,  the  metal  in  the  sides  being  very  thin ;  the  contained  air  having 
been  partially,  though  not  completely^  exhausted,  the  box  is  hermetically  sealed. 
When  the  pressure  of  the  atmosphere  mcreasee  the  inclosed  air  is  compreesed,  the 
capacity  oi  the  box  is  diminished,  and  the  two  fiat  ends  approach  each  other;  when 
the  pressure  of  the  atmosphere  decreases,  the  ends  recede  from  one  another  in  conse- 
quence of  the  expansion  of  the  inclosed  air.  By  means  of  a  combination  of  levers, 
tnis  motion  of  the  ends  of  the  box  is  commumcated  to  an  index  pointer  which  travels 
over  a  graduated  dial  plate,  the  mechanical  arrangement  being  such  that  the  motion 
of  the  ends  of  the  box  is  magnified  many  times,  a  very  minute  movement  of  the  box 
making  a  con^derable  difference  in  the  indication  of  the  pointer.  The  graduations 
of  the  aneroid  scale  are  obtained  by  comparison  with  the  correct  readings  of  a  standard 
mercurial  barometer  under  normal  and  reduced  atmospheric  pressure. 

The  thermometer  attached  to  the  aneroid  barometer  is  merely  for  convenience 
in  indicating  the  temperature  of  the  air,  but  as  regards  the  instrument  itaelf  no  cor- 
rection for  temperature  can  be  applied  with  certainty.  Aneroids,  as  now  manufac- 
tureiL  are  almost  perfectly  compensated  for  tranperature  by  the  use  of  different 
metw  having  unequal  coefficients  of  expansion;  they  ought,  therefore,  to  show  the 
samepressure  at  all  temperatures. 

The  aneroid  baromet^  from  its  small  size  and  the  ease  with  which  it  may  be  trans- 
ported, can  often  be  usefully  employed  under  circumstances  where  a  mercurial 
barometer  would  not  be  available.  It  also  has  an  advantage  over  the  mercurial 
instrument  in  its  greater  sensitiveness,  and  the  fact  that  it  gives  earUer  indications 
of  change  of  pressure.  It  can,  however,  be  relied  upon  only  when  frequently  com- 
pared with  a  standard  mercurial  barometer;  moreover,  considerable  care  is  required 
in  its  handling;  while  slight  shocks  will  not  ordinarily  affect  it,  a  severe  jar  or  Knock 
may  change  its  indications  by  a  large  amount. 

When  in  use  the  aneroid  barometer  may  be  suspended  vertically  or  placed  flat, 
but  changing  from  one  position  to  another  ordinarily  makes  a  sensible  change  in  the 
readings;  the  instrument  should  always,  therefore,  he  kept  in  the  same  position,  and 
the  errors  determined  by  comparisons  made  while  occupying  its  customary  place. 

57.  CoHPABisoN  OF  Babouetebs. — To  determine  the  reliability  of  the  ship's 
barometer,  whether  mercurial  or  aneroid,  comparisons  should  from  tmie  to  time  M 
made  with  a  standard  barometer.  N'early  all  instruments  read  either  too  high  or  too 
low  by  a  small  amount.  These  errors  arise,  in  a  mercurial  barometer,  from  the 
improper  placii^  of  the  scale,  lack  of  uniformity  of  caliber  of  the  glass  tube,  or 
similar  causes;  in  an  aneroid,  which  is  less  accurate  and  in  which  there  is  even  more 
necessity  for  frequent  comparisons,  errors  may  be  due  to  derangement  ot  any  of  the 
various  mechamcal  features  upon  which  its  working  depends.  The  errors  of  the 
barometer  should  be  determined  for  various  heights,  as  they  are  seldom  the  same  at 
all  parts  of  the  scale. 

In  the  principal  ports  of  the  world  standard  barometers  are  observed  at  specLGed 
times  each  day,  and  the  readings,  reduced  to  zero  and  to  sea  level,  are  pubUshed. 
It  is  therefore  only  necessary  to  read  the  barometer  on  shipboard  at  those  times 
and,  if  a  mercurial  instrument  is  used,  to  note  the  attached  tnermometer  and  apply 
the  correction  for  temperature  (art.  55).  It  is  evident  that  a  comparison  of^the 
heights  by  reduced  standard  and  by  the  ship's  barometer  will  ^ve  the  correction  to 
be  applied  to  the  latter,  including  the  instrumental  error,  the  reduction  to  sea  level, 
and  the  personal  error  of  the  oteerver.  In  the  United  States,  standard  barometer 
readings  are  made  by  the  Weather  Bureau. 

Aneroid  barometers  may  be  adjusted  for  instrumental  error  by  moving  the  index 
hand,  but  this  is  usually  done  only  m  the  case  of  errors  of  considerable  magnitude. 
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68.  Dbtebhination  of  Heights  bt  Babohetek. — The  barometer  may  be 
used  to  determine  the  difference  in  heights  between  any  two  stations  by  means  of 
the  difference  in  atmoBpheric  pressure  oetween  them.  An  approximate  rule  is  to 
allow  0.0011  inch  for  each  difference  in  level  of  1  foot,  or,  more  roughly,  0.01  inch 
for  every  9  feet. 

A  very  exact  method  is  afforded  bv  Babinet's  formula.  If  B^  and  B  represent 
the  barometric  pressure  (corrected  for  all  source  of  instrumental  error)  at  the  lower 
and  at  the  upper  stations  respectively,  and  ^  and  t  the  correepondii^  temperatures  oi 
the  air;  then, 

DifiE.  in  height  -  C  X  g^^ ; 

if  the  temperatures  bo  taken  by  a  Fahrenheit  thermometer, 

C(mte,t)-52.494(l  +  y^) 
if  a  centigrade  thermometer  is  used, 

C  (mmeters)  =  16,00o(n-^^^\ 


59.  The  Thermometer  is  an  instrument  for  indicating  temperattu^.  In  its 
construction  advant^^e  is  taken  of  the  fact  that  bodies  are  expanded  by  heat  and 
contracted  by  cold.  In  its  most  usual  form  the  thermometer  consists  of  a  bulb  filled 
with  mercury,  connected  with  a  tube  of  very  fine  cross-sectional  area,  the  hquid 
column  rising  or  falling  in  the  tube  according  to  the  volume  of  the  mercury  due  to  the 
actual  degree  of  heat,  and  the  height  of  the  mercury  indicating  upon  a  scale  the 
temperature;  the  mercury  contained  in  the  tube  moves  in  a  vacuum  produced  by 
the  expulsion  of  the  air  through  boiling  the  mercury  and  then  closing  the  top  of  the 
tube  by  means  of  the  blowpipe. 

There  are  three  classes  of  thermometer,  distinguished  according  to  the  method 
of  graduating  the  scale  as  follows:  the  FakrevJieit,  in  which  the  freering  point  of 
water  is  placed  at  32°  and  its  boiling  point  (under  normal  atmospheric  pressure)  at 
212°;  the  Centigrade,  in  which  the  freezing  point  is  at  0°  and  the  boiling  point  at 
100°;  and  the  SioAimur,  in  which  these  pomts  are  at  0°  and  80°,  respective^.  The 
Fahrenheit  thermometer  is  generally  used  in  the  United  States  and  England.  Tables 
will  be  found  in  this  work  for  the  interconversion  of  the  various  scale  readings 
(Table  31). 

60.  The  thermometer  is  a  valuable  instrument  for  the  mariner,  not  only  by 
reason  of  the  aid  it  affords  him  in  judging  meteorological  conditions  from  the  tem- 
perature of  the  air  and  the  amount  of  moisture  it  contains,  but  also  for  the  evidences 
jt  furni^es  at  times,  through  the  temperature  of  the  sea  water,  of  the  ship's  position 
and  the  probable  current  that  is  being  encountered. 

61.  The  thermometers  employed  in  determining  the  temperature  of  the  air 
(wet  and  dry  bulb)  and  of  the  water  at  the  surface,  ahould  be  mercurial,  and  of  some 
standard  make,  with  the  graduation  etched  upon  the  glass  stem;  they  should  be 
compared  with  accurate  standards,  and  not  accepted  if  their  readings  vary  morg 
than  1"  from  the  true  at  any  point  of  the  scale. 
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62.  The  dry-bulb  thermometer  gives  the  temperature  of  the  free  air.  The 
wet-bulb  thermometer,  aa  exactly  sunilar  mstrument,  tie  bulb  of  which  ia  surrounded 
by  an  envelope  of  moistened  clotli,  gives  what  is  known  as  the  temperature  of  evapora- 
tion, which  is  always  somewhat  less  than  the  temperature  of  the  free  air.  From  the 
difference  of  these  two  temperatures  the  observer  may  determine  the  proximitr  of 
the  air  to  saturation^  that  is,  how  near  the  air  is  to  that  point  at  which  it  will  be 
obliged  to  precipitate  some  of  its  moisture  (water  vapor)  in  fiie  form  of  liquid.  With 
the  envelope  of  the  wet  bulb  removed,  the  two  thermometers  should  read  precisely 
the  same;  otherwise  they  are  practically  useless. 

The  two  thermometers,  the  wet  and  the  dry  bulb,  should  be  hung  within  a  few 
inchra  of  each  other,  and  the  surroundings  should  be  as  far  as  possible  identical.  In 
practice  the  two  thermometers  <•  are  gener- 
ally inclosed  within  a  small  lattice  case,  sudi 
aa  that  shown  in  figure  6 ;  the  case  should  be 
placed  in  a  position  on  deck  remote  from  any 
source  of  artificial  heat,  sheltered  from  the 
direct  rays  of  the  sun,  and  from  the  rain  and 
spray,  but  freely  exposed  to  the  circulation 
ot  the  air;  the  door  should  be  kept  closed 
except  during  the  process  of  reading.  The 
cloth  envelope  of  the  wet  bulb  should  be 
a  single  thickness  of  fine  muslin,  tightly 
stretched  over  the  bulb,  and  tied  with  a  fine 
thread.  The  wick  which  serves  to  canr  the 
water  from  the  cistern  to  the  bulb  should 
consist  of  a  few  threads  of  lamp  cotton,  and 
should  be  of  sufficient  length  to  admit  of  two 
or  three  inches  being  coiled  in  the  cistern. 
Ilie  muslin  envelope  of  the  wet  bulb  should 
be  at  all  times  thorou^y  moist,  but  not 
dripping. 

When  the  temperature  of  the  air  falls 
to  32"  F.  the  water  in  the  wick  freezes,  the 
capillary  action  is  at  an  end,  the  bulb  in 
consequence  soon  becomes  quite  dry,  and 
the  thermometer  no  longer  shows  the  tem- 
perature of  evaporation.     At  such  times  the  p,^  ^ 
bulb  should  be  thoroughly  wetted  with  ice- 
cold  water  shortly  before  the  time  of  observation,  using  for  this  purpose  a  camel's 
hair  brush  or  feather;  by  this  process  the  temperature  of  the  wet  bulb  is  temporarily 
raised  above  that  of  the  dry,  but  only  for  a  brief  time,  as  the  water  quickly  freezes: 
and  inasmuch  as  evaporation  takes  place  from  the  surface  of  the  ice  thus  formed 
precisely  as  from  the  surface  of  the  water,  the  thermometer  will  act  in  the  same  way 
as  if  it  Bad  a  dam[>  bulb.     The  wel^bulb  thermometer  can  not  properly  read  higher 
than  the  dry.  and  if  the  reading  of  the  wet  bulb  should  be  the  higher,  it  may  always 
be  attributed  to  imperfections  in  the  instruments. 

d  CbUmI  k  psyoluainalcr. 
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63.  Knowing  the  temperature  of  the  wet  and  dry  bulbe,  tlie  relative  humidity 
of  the  atmosphere  at  the  time  of  observation  may  be  found  from  the  following  table: 
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The  table  may  be  readily  understood.  For  example,  if  the  temperature  of  the 
air  (dry  bulb)  be  60";  and  Uie  temperature  of  evaporation  (wet  bulb)  be  56°,  the 
difference  being  4°,  look  in  the  column  headed  "Temperatiffe  of  the  air"  for  60°, 
and  for  the  figures  on  the  same  line  in  column  headed  4°;  here  78  will  be  found, 
which  means  uiat  the  air  is  78  percentsaturated  with  water  vapor;  that  ia,  that  tiie 
amount  of  water  vapor  present  in  the  atmosphere  is  78  per  cent  of  the  total  amount 
that  it  could  carry  at  the  given  temperature  (60°) .  This  total  amount,  or  saturation, 
is  thus  represented  by  100,  and  if  there  occurred  any  increase  of  the  quantity  of 
vapor  beyond  this  point,  uie  excess  would  be  precipitated  in  the  form  of  liquid. 
Over  the  ocean's  suilace  ute  relative  humidity  is  generally  about  90  per  cent,  or  even 
higher  in  the  doldrums;  over  the  land  in  dry  wmter  weather  it  may  fall  as  low  as 
40  per  cent. 

6i.  The  sea  water  of  which  the  temperature  is  to  be  taken  should  be  drawn  &om 
a  depth  of  3  feet  below  the  surface,  the  bucket  used  being  weighted  in  order  to  sink 
it.  The  bulb  of  the  thermometer  should  remain  immersed  m  the  water  at  least 
three  minutes  before  reading,  and  the  reading  should  be  made  with  the  bulb 
immersed. 
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65.  The  Log  Book  is  a  record  of  the  ship's  cruise,  and,  as  such,  an  important 
accessor7  in  the  nav^ation.  It  should  afford  all  the  data  from  which  the  position 
of  the  ehip  is  establi^ed  by  the  method  of  dead  reckoning;  it  should  also  comprise 
a  record  of  meteorological  obserrations,  which  should  be  m^e  not  only  for  the  purpose 
of  foretelling  the  weather  during  the  Toyage,  but  also  for  contribution  to  the  general  ' 
fund  of  knowledge  of  marine  meteorol<^. 

66.  A  convenient  form  for  recordmg  the  data,  which  is  employed  for  the  log 
books  of  United  States  naval  vessels,  is  shown  on  page  32  -  beside  the  tabulated  matter 
thus  arranged,  to  which  one  page  of  the  book  is  devoted,  a  narrative  of  the  miscella- 
neous eveits  of  the  day,  written  aod  signed  by  the  proper  officers,  appears  upon  the 
opposite  page. 


r>' Google 


INSTBUUENTS  AKD  AO0SSSOBIE8  IN  NAVtOATIOIT. 


ijoqioito 
mil    |o    ms)s 


oiiiOTSH 


pana^v  nKziw^ 


gjj|||il|i||| : 


■d  loitujiwia 


ijGoogle 


IN8TBUMENTB  ASD  AOOBBSOSIEB  IN   NAVIGATION.  33 

&J.  For  the  most  part,  the  nftture  of  the  infonnatien  called  for,  vith  the  method 
f>f  lecording  it,  will  be  apparent.  A  brief  explanation  is  here  given  of  euch  points 
88  seem  to  require  it. 

68.  The  Wind. — In  recording  the  force  of  the  wind  the  scale  devised  by  the 
late  Admiral  Sir  F.  Beatifort  is  employed.  According  to  this  Bcale  the  wind  varies 
from  0,  a  calm,  to  12,  a  hmricane,  the  greatest  velocity  it  ever  attuns.  In  the  lower 
grades  of  the  scale  the  force  of  the  wind  is  estimated  from  the  speed  imparted  to  a 
man-of-war  of  the  early  part  of  the  nineteenth  century  sailing  full  and  by;  in  the 
hi^^r  grades,  from  the  amount  of  sail  which  the  same  vessel  could  carry  when 
close-hauled.  The  scale,  with  the  estimated  velocity  of  the  wind  in  both  statute  and 
nautical  milee  per  hour,  is  as  follows: 
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€9.  When  steaming  or  sailing  with  any  considerable  speed,  the  apparent  direc- 
tion and  force  of  the  wind,  as  determined  from  a  vane  &&g,  or  pennant  aboard  ship, 
may  differ  materially  from  the  true  direction  and  force,  the  reason  being  that  the 
air  appears  to  come  from  a  direction  and  with  a  force  dependent,  not  only  upon  the 
wind  itself,  but  also  upon  the  motion  of  the  vessel.  For  instance,  suppose  that  the 
wind  has  a  velocity  of  20  knots  an  hour  (force  4),  and  take  the  cose  of  two  vessels, 
eachsteaming  20  knots,  the  first  with  the  wind  dead  aft,  the  second  with  the  wind  dead 
ahead.  The  former  vessel  will  be  movii^  with  the  same  velocity  as  the  oir  and  in 
the  same  direction;  the  velocity  of  the  wind  relatively  to  the  ship  will  thus  be  zero; 
on  the  vessel  an  apparent  calm  wiU  prevail  and  the  pennant  will  nang  up  and  down. 
The  latter  vessel  will  be  moving  with  the  same  velocity  as  the  air,  but  in  the  opposite 
direction;  the  relative  velocity  of  the  two  will  thus  be  the  sum  of  the  two  velocities, 
or  40  knots  an  hour,  and  on  the  second  vessel  the  wind  will  apparently  have  the 
velocity  corresponduig  very  nearly  with  a  fresh  gale.  Again,  it  might  be  shown  that 
in  the  case  of  a  vessel  steaming  west  at  the  rate  of  20  knots,  with  the  wind  blowing 
from  north  with  the  volocitv  of  20  knots  an  hour,  the  velocity  with  which  the  air 
strikes  the  ship  as  a  result  oi  the  combined  motion  will  be  28  knots  an  hour,  and  the 
direction  from  which  it  comes  will  be  NW,  If,  thorofore,  the  effect  of  the  speed  of 
the  ship  is  neglected  the  wind  will  be  recorded  as  NW.,  force  6,  when  in  reality  it  is 
north,  force  4. 

In  order  to  make  a  proper  allowance  for  this  error  and  arrive  at  the  true  direction 
and  force  of  the  wind.  Table  32  may  be  entered  with  the  ship's  speed  and  the  apparent 
direction  and  force  of  the  wind  as  arguments,  and  the  true  direction  and  force  will 
be  found. 
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70.  Weatheb. — To  designate  the  weather  a  aeriee  of  symbols  devised  bv  the 
late  Admiral  Beaufort  is  employed.  Tlie  system  employed  in  the  United  States  Navy 
is  as  follows: 

(. — Cleftr  blue  eky.  p. — Falsing  ahowera  of  ntiQ. 

c— Clouda.  f.— Squally  weather. 

(f.— Drizzling,  or  ligiht  rain.  r.— Rainy  WMlber,  or  coDtinuoiu  rain. 

/.—Fog,  or  toggy  weather.  (. — Snow,  mowy  weatfaei-,  or  enow  falling. 

?■ — Gloomy,  or  dark,  Htormy-looldng  weatliar.  i. — Thunder. 

. — Hail.  w. — Ugl^  appeantnces,  or  threatening  weather. 

I.— Lfehtning.  v.— Variable  weather, 

m.— Biiflty  weather.  w.— Wet,  or  heavy  dew. 

a.— Overcast.  t.— Hazy  weaUier. 

To  indicate  great  intensity  of  any  feature,  its  symbol  may  be  underlined;  thus: 
T.,  heavy  rain. 

71.  Clouds. — The  following  are  the  principal  forms  of  clouds,  named  in  the 
order  of  the  altitude  above  the  earth  at  which  they  usually  occur,  be^nning  with  the 
mtffit  elevated.    The  symbols  bv  which  each  is  designated  follows  its  name: 

1.  CiBBUS  id.). — Detached  clouds,  delicate  and  fibrous  looking,  taking  the 
form  of  feathers,  geneft-ally  of  a  white  color,  sometimes  arranged  in  belts  which  cross 
a  portion  of  the  sky  in  ^at  circles,  and,  by  an  effect  of  perspective,  converging  toward 
one  or  two  opposite  points  of  the  horizon. 

2.  CmBO-oTBAxns  (Ci,-S.). — A  thin,  whitish  sheet,  sometimes  completely  cover- 
ing the  sky  and  only  giving  it  a  whitish  appearancejOr  at  others  presenting,  more  or 
lees  distinctly,  a  formation  like  a  tangled  web.  This  sheet  often  produces  halos 
around  the  sun  and  moon. 

3.  CerboCdmulus  (Ci.-Cu.). — Small  globular  masses  or  white  flakes,  having 
no  shadows,  or  only  very  slight  ahadows,  arranged  in  groups  and  often  in  unes. 

4.  Alto-Cdmulus  (A.-Vu.). — Rather  large  globular  masses,  white  or  grayish^ 
partially  shaded,  arranged  in  groups  or  lines,  and  often  so  closely  packed  that  their 
edges  appear  confused.  The  detached  masses  are  generally  larger  and  more  compact 
at  the  center  of  the  group;  at  the  mai^;in  they  form  into  finer  flakes.  Iliey  often 
spread  themselves  out  in  lines  in  one  or  two  directions. 

5.  Alto-Stbatds  (A.-S.), — A  thick  sheet  of  a  gray  or  bluish  color,  showing  a 
brilliant  patch  in  the  neighborhood  of  the  sun  or  moon,  and  which,  without  causing 
hidos,  may  give  rise  to  coronse.  This  form  goes  through  all  the  changes  like  the 
Cirro-Stratus,  but  its  altitude  is  only  half  so  great. 

6.  Steat<M?dmui,xj8  iS.-Cfu..). — Lai^e  globular  masses  or  rolls  of  dark  cloud, 
frequently  covering  the  whole  slsr,  especially  in  winter,  and  occasional^  giving  it 
a  wavy  appearance.  The  layer  of  Strato-Cumulus  is  not,  as  a  rule,  very  thick,  and  ' 
patches  of  blue  sky  are  often  visible  through  the  intervening  spaces.  All  sorts  of 
transitions  between  this  form  and  the  Alto-Cumulus  are  noticeable.  It  may  be 
distinguished  from  Nimbus  by  its  globular  or  rolled  appearance  and  also  because  it 
does  not  bring  rain. 

7.  NiuBus  (N.). — Bain  clouds;  a  thick  layer  of  dark  clouds,  without  shape  and 
with  ragged  edges,  from  which  continued  rain  or  snow  generally  falls.  Through  the 
openings  of  these  clouds  an  upper  layer  of  Cirro^tratus  or  Alto-Stratus  may  almost 
invariably  be  seen.  If  the  layer  of  Nimbus  separates  into  shreds  or  il  small  loose 
clouds  are  visible  floating  at  a  low  level  underneath  a  large  nimbus,  they  may  be 
described  as  Fracto-Nimbus  (Fr.-N.),  the  "scud"  of  sailors. 

8.  Cumulus  (Ow.), — Wool-pack  clouds;  thick  clouds  of  which  the  upper  surface 
is  dome-shaped  and  exhibits  protuberances,  while  the  base  is  horizontal.  When 
these  clouds  are  opposite  the  sun  the  surfaces  usually  presented  to  the  observer  have 
a  greater  brilliance  than  the  maigins  of  the  protuberances.  When  the  light  falls 
aslant,  they  give  deep  shadows;  wlien,  on  the  contrary,  the  clouds  are  on  toe  same 
side  as  the  sun,  they  appear  dark,  with  bright  edges.  The  true  Cumulus  has  clear 
superior  and  inferior  limits.  It  is  often  broken  up  by  strong  vrinds,  and  the  detached 
portions  undei^o  continual  changes.  These  may  be  distinguished  by  the  name  of 
Fracto-Cumulus  (Fr.-Oa.). 
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.  Cdmulo-Nimbub    (Oa.-N.). — ^The   thunder-cloud    or   shower^cloud ;     heavy 

s  <rf  clouds  rising  in  the  form  of  mountains,  turrets,  or  anvils,  generally  having 

a  sheet  or  screen  of  fibrous  appearance  above,  and  a  mass  of  clouds  similar  to  Nimbus 
aDdemeath.  From  the  base  there  usually  fall  local  showers  of  rain  or  of  snow 
(occasionally  hail  or  soft  hail). 

10.  Sthatub  (5.).— a  horizontal  sheet  of  lifted  fog;  when  this  sheet  is  broken 
up  into  irregular  shreda  by  the  wind  or  by  the  summits  of  mountains,  it  may  be 
distinginshea  by  the  name  of  Fracto-Stratua  (_Fr.-S.). 

72.  In  the  scale  for  the  amount  of  clouds  0  represents  a  sky  which  is  cloudless 
and  10  a  sky  which  is  completely,  overcast. 

73.  State  of  Sea, — The  state  of  the  sea  is  expressed  by  the  following  system 
of  sj'uibols: 

B. — Broken  or  irregul&r  »ea.  Jf. — Moderate  bm  or  swell. 

C. — Chopping,  short,  or  ctobb  bm.  R.-^Rough  sea. 

O.— Ground  evell.  S. — Smooth  sea. 

fl.— Heavy  sea.  T.— Tide-rips. 
L. — Long  rolling  se*. 

Note. — There  are  various  publications  issued  by  the  Hydrographic  Office 
dealing  with  special  features  of  navigation,  'frhich  should  be  regularly  consulted. 
Among  the  most  important  of  these  are: 

Puot  charts  of  the  varipus  oceans  furnish  information  regarding  the  drift  of 
derelicts,  ice,  and  floating  obstructions,  the  tracks  of  storms,  average  conditions  of 
wind  and  weather,  ocean  currents,  magnetic  variation,  etc. 

Hydrograj^ic  BvUetin,  weekly,  gives  more  detailed  facts  than  the  Pilot  Charts 
i^arding  ice,  wrecks,  and  derelicts;  also  items  on  port  facilities,  use  of  oil 
to  calm  the  sea,  and  miscellaneous  items  of  use  and  interest  to  mariners. 

DaSy  Memorandum,  published  at  the  main  office  at  Washington,  also  makes 
public  these  items  through  the  Branch  Hydrc^aphic  Offices. 

Notice  to  Mariners,  weekly,  gives  changes  in  aids  to  navigation  (lights,  buoyage, 
harbor  constructions),  dangers  to  navigation  (rocks,  shoals,  banks,  bars),  important 
new  soundings,  and,  in  general,  all  such  facts  as  affect  mariners'  charts,  manuals,  and 
pilots  or  sailing  directions. 
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CHAPTER  III. 
THE  OOMFASS  EBBOB. 


CAUBBS  OF  THE  E&KOB. 

74.  The  properties  of  magnets  are  such  that  when  two  magnets  are  near  enou^ 
togetiier  to  exert  a  mutual  iimuence,  those  poles  which  possess  like  magnetism  repel 
each  other,  and  those  which  possess  imlike  magnetism  attract  each  other. 

The  earth  is  a  magnetized  body,  and  acts  like  a  great  spherical  magnet  with 

{>oles  of  unlike  magnetism  situated  within  the  Arctic  and  Antarctic  circles  close  to 
ongitudos  97"  west  and  155°  east  of  Greenwich^  respectively.  In  common  with 
magnets,  the  earth  is  surrounded  by  a  region  in  which  magnetic  influence  is  exercised 
upon  the  compass,  giving  the  magnetic  needle  a  definite  direction  in  each  locality 
and  causing  the  end  whicn  we  name  the  north  pole  of  the  compass  to  be  directed  in 
general  toward  the  region  of  the  magnetic  pole  in  the  geographical  north  and  the 
south  end  toward  the  region  of  the  magnetic  pole  in  the  geographical  south. 

The  north  end  of  the  compass — north-seeking,  as  it  is  sometimes  designated  for 
cleamess^ — will  be  that  end  which  has  opposite  polarity  to  the  earth's  north  magnetic 
pole,  or,  otherwise  stated,  which  possesses  like  magnetism  with  the  earth's  south 
magnetic  pole, 

75.  By  reason  of  the  fact  that  the  magnetic  pole  In  each  hemisphere  differs  in 
geographical  position  by  a  large  and  unequal  amount  from  the  geographical  pole, 
we  are  made  aware  that  the  earth  is  not  magnetized  symmetric^ly  wiUi  reference 
to  the  geographical  poles.  Hence  the  directive  influence  of  the  earth's  magnetism 
will  not  in  general  cause  the  compass  needle  to  point  in  the  direction  of  me  true 
meridian,  but  each  compass  point  will  differ  from  the  corresponding  true  point  by 
an  amount  varying  according  to  the  geographical  locality.  'The  angle  representing 
this  difference  is  the  Variation  of  the  Compasa,  sometimes  also  called  the  Magnetic 
Declination.  It  is  the  angle  between  the  plane  of  the  trae  meridian  and  a  vertical 
plane  passing  through  a  freely  suspended  magnetic  needle  influenced  solely  by  the 
earth's  magnetism. 

The  variation  not  only  changes  as  one  travels  from  place  to  place  on  the  earth, 
beiog  different  in  different  localities,  but  in  every  locality,  besides  the  minor  periodic 
movements  of  the  needle  known  as  the  diurnal,  monthly,  and  annual  variations, 
which  are  not  of  material  concern  to  the  mariner,  there  is  a  progressive  change 
which  extends  through  centuries  of  time  and  amounts  to  large  alterations  in  the 
pointing  of  the  compass.  In  taking  account  of  the  effect  produced  by  the  variation 
of  the  compass,  the  navigator  must  therefore  be  sure  that  the  variation  used  is 
correct  not  only  for  the  place,  but  also  for  the  time  under  consideration. 

Occasionally  the  magnetic  needle  is  subject  to  spasmodic  fluctuations  of  the 
earth's  magnetism  lasting  from  a  brief  period  to  several  da^s.  These  are  called 
Tnaynetic  storms,  and  are  due  to  sudden  changes  in  the  eiectnc  currents  which  cir- 
culate within  the  earth  and  in  the  region  surrounding  the  earth.  They  come  appar- 
ently at  random,  andmay  occur  nesny  simultaneously  over  the  whole  world  or  be 
restricted  to  a  certain  region.  The  range  of  their  effect  upon  the  compass  does 
not  often  exceed  the  half  of  a  degree  in  the  lower  latitudes,  and  hence  the  navigator 
need  only  be  concerned  with  them  in  the  higher  latitudes  where  he  may  look  to  the 
aurora  as  an  indication  of  their  occurrence. 

76.  Besides  the  error  thus  produced  in  the  indications  of  the  compass,  a  further 
one,  due  to  Local  Attraction,  may  arise  from  extraneous  influences  due  to  natural 
magnetic  attraction  in  the  vicinity  of  the  vessel.    Instances  of  this  are  quite  common 
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when  a  ship  is  in  port,  as  she  may  be  in  close  proximity  to  vesaels,  docks,  machinery, 
or  other  masses  dt  iron  or  steel.  It  is  also  encountered  in  the  shallow  waters  of  the 
sea  in  localities  where  the  mineral  substances  in  the  earth  itself  possess  magnetic 
qualitiee— as,  for  example,  at  certain  places  in  Lake  Superior  and  at  others  off  the 
coast  of  Australia.  When  due  to  the  last-named  cause,  it  Qiay  be  a  source  of  great 
danger  to  the  mariner,  but,  fortunately,  the  number  of  localities  subject  to  local 
attraction  is  limited.  The  amount  of  this  error  can  seldom  be  determined  except 
by  survey;  if  known,  it  might  properly  be  included  with  the  variation  and  treated 
as  a  part  uiereof. 

77.  In  addition  to  the  variation,  the  compass  ordinarily  has  a  still  further 
eoTor  in  its  indications,  which  arises  from  the  effect  exerted  upon  it  by  masses  of 
mi^netic  metal  within  the  shij)  itself.  This  is  known  as  the  Demotion  of  vie  Compass. 
For  reasons  that  will  be  explained  later,  it  differs  in  amount  for  each  heading  of  the 
ship,  and,  further,  the  character  of  the  deviations  undergoes  modification  as  a  vessel 
proceeds  from  one  geographic^  locality  to  another, 
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78.  From  what  has  been  explained,  it  may  be  seen  that  there  are  three  methods 
by  which  bearii^  or  courses  may  be  expre^ed:  (a)  tnu,  when  they  refer  to  the 
*TignTftr  distance  irom.  the  earth's  geographical  meridian;  (Jb)  magnetic,  when  they 
refer  to  the  angular  distance  from  the  earth's  magnetic  meridian,  and  must  be  cor- 
rected for  variation  to  be  converted  into  true;  and  (e)  hy  compass,  when  they  refer 
to  ^e  angular  distance  from  the  north  indicated  by  the  compass  on  a  given  heading 
of  the  ship,  and  must  be  corrected  for  the  deviation  on  that  heading  for  conversion 
to  magnetic,  and  for  both  deviation  and  variation  for  conversion  to  true  bearings  or 
courses.  The  process  of  applying  the  errors  under  all  circumstances  is  one  of  which 
the  navigator  must  make  mmself  a  thorough  mastery  the  various  problems  of  con- 
Tendon  are  constantly  arisii^j  no  course  can  be  set  nor  bearing  plotted  without 
involTing  the  application  of  this  problem,  and  a  mistake  in  iia  solution  may  produce 
serious  consequences.  The  student  is  therefore  urged  to  give  it  his  most  careful 
attention. 

79.  When  the  effect  of  a  compass  error,  whether  arising  from  variation  or  from 
deviation,  is  to  draw  the  north  end  of  the  compass  needle  to  the  right,  or  eastward, 
the  error  is  named  east,  or  is  marked  +  ;  when  its  effect  is  to  draw  the  north  end  of 
the  needle  to  the  left  or  westward,  it  is  named  west,  or  marked  — . 


Figures  7  and  8  represent,  respectively,  examples  of  easterly  and  westerly  errors. 
Li  both  cases  consider  that  the  circles  represent  the  observer's  horizon,  N  and  S 
being  the  correct  north  and  south  points  m  each  case.  If  N'  and  S'  represent  the 
corresponding  points  indicated  by  a  compass  whose  needle  is  deflected  by  a  compass 
error,  then  in  the  first  case,  the  north  end  of  the  needle  being  drawn  to  the  right  or 
east,  the  error  wiU  be  easterlr  or  positive,  and  in  thesecond  case,  the  north  end  of  the 
needle  being  drawn  to  the  left  or  west,  the  compass  error  will  be  westoiy  or  n^ative. 
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Considerine  Ggare  7,  if  we  assume  the  easterly  error  to  amount  to  one  point, 
it  will  be  seen  tnat  if  a  direction  of  N,  by  W.  is  indicated  by  the  compass,  the  correct 
direction  should  be  north,  or  one  point  farther  to  the  right.  If  the  compass  indicatee 
north,  the  correct  beariog  is  N.  by  E.;  that  is,  still  one  point  to  the  right.  If  we 
follow  around  the  whole  card,  the  same  relation  will  be  found  in  every  case,  the 
corrected  bearing  being  always  one  point  to  the  right  of  the  compass  bearing. 
Conversely,  if  we  regard  figure  8,  assuming  the  same  amount  of  westerly  error,  a 
compass  bearing  of  N .  by  E.  is  the  equivalent  of  a  correct  bearing  of  north,  which  is 
one  point  to  the  left;  and  this  rule  is  general  throughout  the  cu^e,  the  corrected 
direction  being  alwa}^  to  the  left  of  that  shown  by  the  compass. 

80.  Having  once  satisfied  himself  that  the  general  rule  holds,  the  navigator 
may  save  the  necessity  of  reasoning  out  in  each  case  the  direction  in  which  the  error 
must  be  applied,  and  need  only  charge  his  mind  with  some  sin^e  formula  which  will 
cover  all  cases.    Such  a  one  is  the  foBowing: 

When  the  correct  direction  is  to  the  biqht,  the  error  ia  east. 

The  words  correct-right-eagt,  in  such  a  case,  would  bo  the  key  to  all  of  his  solutions. 
With  easterly  error,  if  ue  bjad  a  compass  course  to  change  to  a  corrected  one,  he 
would  know  that  to  obtain  the  result  the  error  must  be  applied  to  the  right;  and, 
if  it  were  desired  to  change  a  correct  course  to  one  indicated  by  comfrass,  the  error 
would  be  applied  to  the  left.  If  a  correct  bearing  is  to  be  compared  with  a  compass 
bearing  to  find  the  compass  error,  when  the  correct  bearing  is  to  the  right,  ths 
error  is  easterly;  and  when  the  correct  bearing  is  to  the  left,  the  error  is  westerly. 

81.  It  must  be  remembered  that  the  word  east  is  equivalent  to  right  in  dealing 
with  the  compass  error,  and  west  to  Uft,  even  though  they  involve  an  apparent 
departure  from  the  usual  rules.  If  a  vessel  steers  NE.  by  compass  with  one  point 
easterly  error,  her  corrected  course  is  NE.  by  E.;  but  if  she  steers  SE.,  the  corrected 
course  is  not  SE.  by  E.,  but  SE.  by  S.  Another  caution  may  be  necessary  to  avoid 
confusion;  the  navigator  should  always  regard  himself  as  facing  the  point  under 
consideration  when  he  applies  an  error;  one  point  westerly  error  on  South  will  brine 
a  corrected  direction  to  S.  by  E. ;  but  if  we  applied  one  point  to  the  left  of  South 
while  looking  at  the  compass  card  in  the  usual  way— north  end  up— S.  by  W.  would 
be  the  point  arrived  at,  and  a  mistake  of  two  points  would  be  the  result. 

82.  In  the  foregoing  explanation  reference  nas  been  made  to  "correct "  directions 
and  "compass  errors"  without  specifying  "magnetic"  and  "true"  or  "variation" 
and  "deviation."  This  has  been  done  in  order  to  make  the  statements  apply  to  all 
cases  and  to  enable  the  student  to  grasp  the  subject  in  its  general  bearing  without 
confusion  of  details. 

Actually,  as  has  already  been  pointed  out,  directions  given  may  be  true,  magnetic, 
or  by  compass.  By  applying  variation  to  a  magnetic  bearing  we  correct  it  and  make 
it  true,  by  applying  a  deviation  to  a  compass  waring  we  correct  it  to  magnetic,  and 
by  applying  to  it  tM  combined  deviation  and  variation  we  correct  it  to  true.  Which- 
ever of  these  operations  is  undertaken,  and  whichever  of  the  errors  is  considered^  the 
process  of  correction  remains  the  same;  the  correct  direction  is  always  to  the  nght, 
when  the  error  is  east,  by  the  amount  of  that  error. 

Careful  study  of  the  following  examples  will  aid  in  making  the  subject  clear: 

ExAriPLEs:  A  bearing  taken  By  a  compass  free  from  deviation  is  76°;  variation, 
5°  W.;  required  the  true  bearing,    71°. 

A  bearing  taken  by  a  similar  compass  is  NW.  by  W.  i  W,;  variation,  J  pt.  W.; 
required  the  true  bearing.    NW.  by  W.  J  W. 

A  vessel  steers  153  by  compass;  deviation  on  that  heading,  3°  W.;  variation 
in  the  locality,  12"  E.*  required  the  true  course.     162°. 

A  vessel  steers  S.  oy  W.  J  W. ;  deviation,  J  pt.  W. ;  variation,  1  pt.  E. ;  required 
the  true  course.    SSW.  }  W. 

It  is  desired  to  steer  the  magnetic  course  322°;  deviation,  4°  E.;  required  the 
course  by  compass.    318°. 

The  true  course  between  two  points  is  found  to  be  W.  }  N.;  variation,  IJ  pt. 
E.;  no  deviation;  required  the  compass  course.     W.  f  S. 

True  course  to  be  made,  55";  deviation,  7°  E.;  variation,  14°  W.;  required  the 
course  by  compass.    62°. 
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A  Teasel  passing  a  range  whose  direction  is  known  to  be  200°,  magnetic,  observes 
dte  bearing  by  compass  to  be  17S°;  required  the  deviation.     22°  Q. 

The  sun's  obaerred  bearing  by  compass  is  dl°;  it  is  found  by  calculation  to  be 
84°  (true);  variation,  8"  W.;  requu^d  the  deviation.     1°  E, 
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S3.  The  variation  of  the  compass  for  any  given  locahty  is  found  from  the 
charts.  A  nautical  chart  always  contains  information  from  which  the  navigator  is 
enabled  to  ascertain  the  variation  for  any  place  within  the  region  embraced  and 
for  any  year.  Beside  the  information  thus  to  be  acquired  from  local  charts,  special 
charts  are  published  showing  the  variation  at  all  points  on  the  earth's  surface. 

84.  The  deviation  of  the  compass,  varying  as  it  does  for  every  ship,  for  every 
beading,  and  for  every  geographical  locality,  must  be  determined  by  the  navigator, 
for  which  purpose  various  metnods  are  available. 

Whatever  method  is  used,  the  ship  must  be  swimg  in  azimuth  and  an  observa- 
tion made  on  each  of  the  headings  upon  which  the  deviation  is  required  to  be  known. 
If  a  new  iron  or  steel  ship  Is  bemg  swung  for  the  first  time,  observations  should  be 
made  on  each  of  the  twenty-four  15°  rhumbs  into  which  the  compass  card  is  divided. 
At  later  swings,  especially  after  correctors  have  been  applied,  or  in  the  case  of  wooden 
ships,  twelve  15°  rhumte  wUl  suffice — or,  indeed,  only  six.  In  case  it  is  not  prac- 
ticable to  make  observations  on  exact  15°  rhumbs,  they  should  be  made  as  near 
thereto  as  practicable  and  plotted  on  the  Napier  diagram  (to  bejBxplained  hereafter), 
whence  the  deviations  on  exact  15°  rhumbs  may  be  found. 

85  •  In  swinging  ship  for  deviations  the  vessel  should  be  on  an  even  keel  and  all 
movable  masses  of  iron  in  the  vicinity  of  the  compass  secured  as  for  sea,  and  the  com- 
pass accurately  centered  in  the  binnacle.  The  vessel,  upon  being  placed  on  any  head- 
mg,  should  be  steadied  there  for  three  or  four  minutes  before  the  observation  is  made, 
in  order  that  the  compass  card  may  come  to  rest  and  the  magnetic  conditions  assume 
a  Bettled  state.  To  assure  the  greatest  accuracy  the  ship  ^ould  first  be  swung  to 
starboard,  then  to  port,  and  the  mean  of  the  two  deviations  on  each  course  taken, 
^lips  may  be  swung  under. their  own  steam,  or  with  the  assistance  of  a  tug,  or  at 
uidbor,  where  the  action  of  the  tide  tends  to  turn  them  in  azimuth  (though  in  this 
case  it  ia  difficult  to  get  them  steadied  for  the  requisite  time  on  each  heading),  or  at 
andior,  by  means  of  springs  and  hawsers. 

86.  The  deviation  of  oU  compasses  on  the  ship  may  be  obtained  from  the  same 
swin^,  it  being  required  to  make  observations  with  the  stfmdard  only.  To  accomplish 
this  it  is  necessary  to  record  the  ship's  heed  by  all  compasses  at  the  time  of  steadying 
on  each  even  rhumb  of  the  standard;  applying  the  deviation,  as  ascertaiaed,  to  the 
heading  by  standard,  give^  the  magnetic  heads,  with  which  the  direction  of  the  ship's 
head  by  each  other  dompass  may  be  compared,  and  the  deviation  thus  obtained. 
^ten  a  complete  table  of  deviations  may  be  constructed  as  explained  in  article  94. 

87.  There  are  four  methods  for  ascertaining  the  deviations  from  swinging; 
namely,  by  reeiprocal  bearings,  by  hearinffs  of  the  sun,  by  rajiges,  and  by  a  distant 
object. 

88.  Recipeocal  Beabinos. — One  observer  is  stationed  on  shore  with  a  spore 
compass  placed  in  a  position  free  from  disturbing  magnetic  influences;  a  second 
observer  is  at  the  standard  compass  on  board  ship.  At  the  instant  when  ready  for 
observation  a  signal  is  made,  and  each  notes  the  bearing  of  the  other.  The  bearing 
W  the  shore  compass,  reversed,  is  the  magnetic  bearing  of  the  shore  station  from  the 
ship,  and  the  difference  between  this  and  the  bearing  by  the  ship's  standard  compass 
represents  the  deviation  of  the  latter. 

In  determining  the  deviations  of  compasses  placed  on  the  fore-and-aft  amJdahip 
line,  when  the  distribution  of  magnetic  metal  to  starboard  and  port  is  symmetrical, 
the  shore  compass  may  be  replaced  by  a  dumb  compass,  or  pelorus,  or  by  a  theodolite 
in  which,  for  convenience,  the  zero  of  the  horizontal  graduated  circle  may  be  termed 
northj  the  reading  of  the  shore  instrument  wUl,  of  course,  not  represent  mt^etio 
directions,  but  by  assuming  that  they  do  we  obtain  a  series  of  fictitious  deviations, 
the  mean  value  of  which  is  the  error  common  to  all.  Upon  deducting  this  error 
from  each  of  the  fictitious  deviations,  we  obtain  the  correct  values. 
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If  ship  and  shore  observers  are  provided  with  watches  which  have  been  com- 
pared with  one  another,  the  times  may  be  noted  at  each  observation,  and  thus 
afford  a  means  of  locating  errors  due  to  misunderstanding  of  signals. 

89.  Beakinos  of  thb  Sun. — In  this  method  it  is  required  that  on  each  heading 
a  bearing  of  the  eun  be  observed  by  compass  and  the  time  noted  at  the  same  moment 
by  a  chronometer  or  watch.  By  means  which  will  be  explained  in  Chapter  XIV,  the 
true  bearing  of  the  sun  may  be  ascertained  from  the  known  data,  and  this,  compared 
with  the  compass  bearing,  gives  the  total  compass  error;  deducting  from  the  compasB 
error  the  variation,  there  remains  the  deviation.  The  variation  used  may  be  that 
given  by  the  chart,  or,  in  the  case  of  a  compass  affected  only  by  symmetrically  placed 
m)n  or  steely  may  be  considered  equal  to  the  mean  of  all  the  total  errors.  Other 
celestial  bodies  may  be  observed  for  this  purpose  in  the  same  manner  as  the  sun. 

This  method  is  important  as  bdi^  the  most  convenient  one  avulable  for  deter- 
mining the  compass  error  at  sea.  When  adjusting  compasses  much  time  will  be 
saved  Dy  this  simple  modification  of  a  detail: 

Instead  of  tabulating  magnetic  azimuths  for  given  stated  times  in  advance,  draw 
on  cross-section  paper  a  curve  whose  ordinates  are  minutes  of  local  apparent  time  and 
whose  alracissffi  are  degrees  of  ma^etic  azimuth,  that  is,  true  azimuth  corrected  for 
variation.  Then  for  any  ^ven  mstant  (the  navigators  watch  being  set  to  local 
apparent  time)  the  magnetic  azimuth  may  be  read  directly  from  the  ciirve.  TTie 
difference  between  the  magnetic  azimuth  of  the  sun  and  its  compass  bearing  is,  of 
course,  the  deviation  of  the  compass  on  that  particular  heading. 

90.  Banogs. — In  many  localities  there  are  to  be  found  natural  or  artificial 
range  marks  which  are  clearly  distinguishable,  and  which  when  in  line  lie  on  a  known 
magnetic  bearing.  By  steaming  about  on  different  headings  and  noting  the  compass 
bearing  of  the  ran^  each  time  of  crossing  the  line  that  they  mark,  a  series  of  devia- 
tions may  be  obtamed,  the  deviation  of  each  heading  being  equal  to  the  differ^ace 
between  the  compass  and  the  magnetic  bearing. 

91.  Distant  Object, — A  conspicuous  object  is  selected  which  must  be  at  a  con- 
siderable distance  from  the  ship  and  upon  which  there  should  be  some  clearly  defined 
point  for  taking  bearings.  The  direction  of  this  object  by  compass  is  observed  on 
successive  headings.  Its  true  or  magnetic  bearing  is  then  found  and  compued  with 
the  compass  beanngs,  whence  the  deviation  is  obtained. 

The  true  or  the  magnetic  bearing  may  be  taken  from  the  chart.  The  magnetic 
bearing  may  also  be  found  by  setting  up  a  compass  ashore,  free  from  foreign  magnetic 
disturbance,  in  range  with  tne  object  and  the  ship,  and  observing  the  bearing  of  the 
object;  or  the  magnetic  bearing  may  be  assumed  to  be  the  mean  of  the  compass 
bearings. 

In  choosing  an  object  for  use  in  this  method  care  must  be  taken  that  it  is  at  sudi 
a  distance  that  its  bearing  from  the  ship  does  not  practically  differ  &i  the  vessel 
swings  in  azimuth.  If  the  ship  is  swung  at  anchor,  the  distance  should  be  not  less 
than  6  miles.  If  swung  under  way,  the  object  must  be  so  far  that  the  parallax 
(the  tangent  of  which  may  be  considered  equal  to  half  the  diameter  of  swin^ng 
divided  by  the  distance)  shall  not  exceed  about  30'. 

92.  In  all  of  the  methods  described  it  will  he  found  convenient  to  arrange  the 
results  La  tabular  form.  In  one  column  record  the  ship's  head  by  standard  compass, 
and  abreast  it  in  successive  columns  the  observations  from  which  the  deviation  ia 
determined  on  that  heading,  and  finally  write  the  deviation  itself.  When  tha  result 
of  the  swing  has  been  worked  up,  another  table  is  constructed  showing  simply  the 
headings  and  the  corresponding  deviations.  This  is  known  as  the  Deviation  ihhla 
of  the  compass.  If  compensation  is  to  be  attempted,  this  table  is  the  basis  of  Uie 
operation;  if  not,  the  deviation  tables  of  the  standard  and  steering  compass  should 
be  posted  in  such  place  as  to  be  accessible  to  all  persons  concerned  with  the  navigfr. 
tion  of  the  ship. 
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93,  Let  it  be  BSBumed  that  a  deviation  table  has  been  found  and  that  the  values 
Deviation  tabU. 


B  follows : 


Bhip' 

h«»dbjrtatttort<»mp«. 

DevlaUon. 

Ship's  hud  br 

.«nd«d^p«,. 

D«vlatton. 

THorth.... 

0 

-15    29 

South 

180 

+  17    52 

IS 

-14    63 

+23    47 

30 

-13    16 

210 

+27    07 

NE 

-15 

-11    Ifl 

SW 

225 

+25    35 

GO 

240 

+21     57 

75 

-  9    42 

255 

+15    54 

EMt, 

90 

-  9    06 

Wert 

270 

+  9    56 

105 

-  9    01 

285 

+  1    56 

120 

-  7    51 

300 

-  4    09 

8E 

135 

-  5    54 

NW 

315 

-10    20 

-  2    18 

-13    37 

165 

+  8    29 

345 

-16    01 

We  have  from  the  table  the  amount  of  deviation  on  each  compass  heading; 
therefore,  knowing  the  ship's  head  by  compass,  it  is  easy  to  pick  out  the  corresponding 
deviation  and  thus  to  obtam  the  magnetic  beading.  But  if  we  ere  given  the  magnetic 
direction  in  which  it  is  desired  to  steer  and  have  to  find  the  corresponding  compass 
course^  the  problem  is  not  so  simple,  for  we  are  not  given  deviations  on  magnetic 
heads,  and  where  the  errors  are  la^e  it  may  not  be  assumed  that  they  are  the  same 
as  on  the  corresponding  compass  headings.  For  example,  with  the  deviation  table 
just  ^ven,  suppose  it  is  required  to  determine  the  compass  heading  corresponding 
to  165",  magnetic. 

The  deviation  corresponding  to  165°,  per  compass,  is  +8J°.  If  we  apply  this 
to  165°,  magnetic,  we  have  156)°  as  the  compass  course.  But,  consulting  tne  table, 
it  may  be  seen  that  the  deviation  correspondmg  to  156)°,  per  compass,  is  +2)°,  and 
therefore  if  we  steer  that  course  the  magnetic  direction  will  be  159°,  and  not  165", 


A  way  of  arriving  at  the  correct  result  is  to  make  a  series  of  trials  until  a  course 
is  arrived  at  which  fmfiUs  the  conditions.    Thus,  in  the  example  given: 


15«i'. 


StamdMal. 

Mag.  course  dedied 165° 

84°  E.     Try  dev.  on  160° 6° 


Mag.  courae  made  good 159° 

Siiice  this  aBaumption  carriea  t]ie  cotUBe  6°  l4x>  far        Thia  liappens  to  be  eiactly  the  c ^ 

to  the  left,  aaanme  next  &  deviation  on  a  course  31°     required.    But  it  often  occura  that  further  trial* 
iutha'  to  the  right  than  the  one  used  here.  may  be  neceoaary. 

94.  TttB  Napiee  DiAOBAM. — A  much  more  expeditious  method  for  the  solution 
of  this  problem  is  afforded  by  the  Napier  Diagram,  and  as  that  diagram  also  f  acihtatea 
■  nimiDer  of  other  operations  connected  with  compass  work  it  should  he  clearly 
nnderstood  by  the  navigator.  This  admits  of  a  graphic  representation  of  the  table 
of  deviations  of  the  compass  by  means  of  a  curve;  besides  lumishing  a  ready  means 
of  converting  compass  into  magnetic  courses  and  the  reverse,  one  of  ita  chief 
merits  is  that  if  the  deviation  has  been  determined  on  a  certain  number  of  head- 

Xit  enables  one  to  obtain  the  most  probable  value  of  the  deviation  on  any 
IT  course  that  the  ship  may  head.  The  last-named  feature  renders  it  useful  in 
making  a  table  of  deviations  of  compasses  other  than  the  standard  when  their  errors 
are  found  as  described  in  article  86. 

96.  The  Napier  diagram  (fig.  9)  represents  the  margin  of  a  compass  card  cut 
at  the  north  point  and  straightened  into  a  vertical  line;  for  convenience,  it  is  usuallv 
divided  into  two  sections,  representing,  respectively,  the  eastern  and  western  semi- 
circles. The  vertical  Une  is  of  a  convenient  lengui  and  divided  into  twenty-four 
equal  parts  corresponding  to  the  15°  rhumbs  of  we  compass,  bepnning^t  t£e  top 
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with  North  and  coDtiniung  around  to  the  right;  it  is  also  divided  into  360  degrees, 
which  are  appropriately  marked. 

To  obtain  a  complete  curve,  a  sufficient  number  of  observatioos  should  be  taken 
while  the  ship  swings  through  &□  entire  circle.  Qeneraily,  observations  on  every 
alternate  15°  rhiuub  are  enough  to  establish  a  good  curve,  but  in  cases  where  the 
maximum  deviation  reaches  40°  it  is  preferable  to  observe  on  every  15°  rhumb. 


raOM  «r  ■OUm  TO  MV  MOUTH 


The  curve  shown  in  the  full  line  on  figure  9  corresponds  to  the  table  of  deviations 
given  in  article  93. 

From  a  given  compass  course  to  find  the  corresponding  Tnagjietic  course,  through  the 
point  of  the  vertical  une  representing  the  given  compass  course  draw  a  line  parallel 
to  the  dotted  Unea  until  the  curve  is  intersected,  ana  from  the  point  of  intersection 
draw  another  line  parallel  to  the  plain  lines;  the  point  on  the  scale  where  this  last 
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fine  cuts  the  vertical  Hue  is  the  magnetic  course  soiu^t.  The  corrootnees  of  this 
solution  will  be  apparent  wh«i  we  consider  that  the  60  triangles  are  equilateral,  and 
therefore  the  distance  measured  along  the  vertical  side  will  equal  the  distance  meas- 
ured along  the  inclined  sides — that  is,  the  deviation ;  and  the  <Srection  will  be  correct, 
for  the  coQstructioa  is  such  that  magnetic  directions  will  be  to  the  right  of  compass 
directions  whmt  the  deviation  is  easterly  and  to  the  left  if  westerly. 

From  a  given  Tnoffjidic  coxave  tojind  the  corresponding  compass  course,  the  process 
is  the  same,  exceptiug  that  the  £rst  line  drawn  should  follow,  or  be  parallel  to,  the 
^lain  lines,  and  the  second,  or  return  line,  should  be  parallel  to  the  dotted;  and  a 
proof  similar  to  that  previously  employed  will  show  the  correctness  of  the  result. 
As  an  example,  the  problem  given  in  article  93  may  be  solved  by  the  diagram,  and 
the  result  wiU  be  found  to  accord  with  the  solution  previously  given. 

The  vertical  line  is  intersected  at  each  15°  rhumb  by  two  miea  inclined  to  it  at 
an  angle  of  60°,  that  line  which  is  inclined  upward  to  the  ri^t  being  drawn  plain 
and  the  other  dotted. 

To  ■plat  a  curve  on  the  Napier  diagram,  if  the  deviation  has  been  observed  with 
the  ship  9  head  on  given  compose  courses  (as  is  usually  the  case  with  the  standard 
compass),  measure  off  on  the  vertical  scale  the  number  of  degrees  correspondmg  to 
the  deviation  and  lay  it  down^to  the  right  if  easterly  and  to  the  left  if  westerfy — 
on  the  dotted  line  passing  through  the  pomt  representing  the  ship's  head*  or,  if  the 
observation  was  not  made  on  an  even  15°  rhumb,  then  lay  it  down  on  a  line  drawn 
parallel  to  the  dotted  ones  through  that  division  of  the  vertical  line  which  represents 
the  compass  heading;  if  the  deviation  has  been  observed  with  the  ship  on  ^ven 
magnetic  courses  (as  when  deviations  by  steering  compass  are  obtainea  by  noting 
the  ship's  head  during  a  swing  on  even  15''  rhumbs  of  the  standard),  proceed  in  the 
same  way,  exceptii^  that  the  deviation  must  be  lud  down  on  a  plinn  line  or  a  line 
parallel  thereto.  Mark  each  point  thus  obtained  with  a  dot  or  small  circle,  and  draw 
a  free  curve  passing,  as  nearly  as  possible,  throu^  aU  the  points. 

TEB  TEBORT  OF  DEVIATION.'' 

9fl.  Peatubbs  of  thb  Eabth's  Maqnetibm. — It  has  already  been  stated  that 
the  earth  acts  like  a  great  spherical  magnet,  with  a  pole  in  each  hemisphere  which  is 
not  coincident  with  the  geographical  pote;  it  has 
also  a  magnetic  equator  which  hes  ctose  to,  but 
not  coincident  with,  the  geographical  equator. 

A  magnetic  needle  finely  suspended  at  a  . ,  , 

point  on  the  earth's  surface,  and  undisturbed  by     HnriMotd  Fotm-H  -^''/^ 

any  other  than  the  earth's  magnetic  influence,     q*" ~\ ~ — ^(/^ 

wiU  lie  in  the  plane  of  the  magnetic  meridian        I  pip-ff  ///^ 

and  at  an  sn^  with  the  horizon  depending  upon 
Uie  geographical  position. 

The  magnetic  elements  of  the  earth  which 
must  be  considered  are  shown  in  figure  10.        ■  ,ss/ 

The  earth's  totd!  force  is  represented  in  direction-       j  ^  % 

and  intensity  br  the  line  AB.    Since  compass        ■  '^/  s 

needles  are  mechanicBllv  arranged  to  move  only 
in  a  horizontal  plane,  it  becomes  necessary,  when 
investigating  the  effect  of  the  earth's  magnetism 
upon  them,  to  resolve  the  total  force  into  two 
o(«ni>onents  which  in  the  figure  are  represented 
by  AC  and  AD.  These  are  Known,  respective^',  _ 
as  the  Jumsontal  and  vertical  componerUa  of  the  rio.  lo. 

earth's  total  force,  and  are  usually  deei^iated  as 

H  and  Z.  The  angle  CAB,  which  the  line  of  direction  makes  with  the  plane  of 
the  hcoizon,  is  called  the  nu^tietie  indination  or  dip,  and  denoted  by  0. 

It  is  clear  that  the  horizontal  component  will  reduce  to  zero  at  the  magnetic 
poles,  where  the  needle  points  directly  downward,  and  that  it  will  reach  a  maximum 


«A«niipcnbabl>UMt 
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at  the  magnetic  equ&tor,  where  the  free  needle  hangs  in  a  horizontal  direction.     The 
reverse  is  true  of  tne  vertical  component  and  of  the  angle  of  dip. 

Values  representine  those  different  terms  mav  be  ^und  from  special  charts. 

97.  Induction;  Haed  and  Sorr  Iron.— mien  a  piece  of  unmagnetized  iron 
or  steel  is  hrou^t  within  the  influence  of  a  magnet,  certain  magnetic  propertiea  are 
immediately  imparted  to  the  former,  which  itseu  becomes  magnetic  and  continues  to 
remain  so  as  long  as  it  is  within  the  sphere  of  influence  of  tne  permanent  magnet* 
the  magnetism  that  it  acquires  under  these  circumstances  is  said  to  be  induced,  and 
the  properties  of  induction  are  such  that  that  end  or  region  which  is  neareet  the  pole 
of  the  influencing  magnet  will  take  up  a  polarity  opposite  thereto.  If  the  magnet  is 
withdrawn,  the  induced  magnetism  is  eoon  dissipated.  If  the  magnet  ia  brot^ht  into 
proximity  again,  but  with  its  opposite  pole  nearer,  magnetism  wiS  again  be  induced, 
but  this  time  its  polarity  will  be  reversed.  A  further  property  is  that  if  a  piece  of  iron 
or  steel,  while  temporarily  possessed  of  magnetic  qualities  through  induction,  be 
subjected  to  blows,  twisting,  or  mechanical  violence  of  any  sort,  uie  magnetism  is 
thus  made  to  acquire  a  permanent  nature. 

The  softer  the  metal,  from  a  physical  point  of  view,  the  more  quickly  and  thoF- 
ou^ly  will  induced  magnetism  be  dissipated  when  the  source  of  influence  is  with- 
drawn; hard  metal,  on  the  contrary,  is  slow  to  lose  the  effect  of  magnetism  imparted 
to  it  in  wiy  way.  Hence,  in  regarding  the  different  features  which  affect  deviation, 
it  is  usual  to  denominate  as  hard  iron  that  which  possesses  retained  magnetism  of  a 
stable  nature,  and  as  soft  iron  that  which  rapidly  acquires  and  parts  with  its  mag- 
netic quahties  under  the  varying  influences  to  which  it  is  subjected. 

98.  Magnbtio  Pbopekties  Acqdieed  bt  an  Ibon  oe  Steel  Vessel  m 
Bdildinq.— The  inductive  action  of  the  earth's  magnetism  affects  all  iron  or  steel 
within  its  influence,  and  the  amount  and  permanency  of  the  magnetism  so  induced 
d^>end8  upon  the  position  of  the  metal  with  reference  to  the  earth's  total  force, 
upon  its  character,  and  upon  the  degree  of  bammeriag,  bending,  and  twisting  that  it 
tmdergoes. 

^  iron  bar  held  in  the  line  of  the  earth's  total  force  instantly  becomes  magnetic; 
if  held  at  an  angle  thereto  it  would  acquire  magnetic  properties  dependent  for  their 
amount  upon  its  inclination  to  the  line  of  total  force;  when  held  at  right  angles  to 
the  line  there  would  be  no  effect,  as  each  extremity  would  be  equaUy  near  the  jkAbb 
of  the  earth  and  all  influence  would  be  neutralized.  If,  while  such  a  bar  is  in  a 
magnetic  state  through  inductive  action,  it  should  be  hammered  or  twisted,  a  certaui 
magnetism  of  a  permanent  character  is  impressed  upon  it,  which  is  never  entirely 
lost  unless  the  bar  is  subjected  to  causes  equal  and  opposite  to  those  that  produced 
the  first  effect. 

A  sheet  of  iron  is  affected  by  induction  in  a  similar  way,  the  magnetism  induced 
by  the  earth  diffusing  itseff  over  the  entire  plate  and  separating  itself  into  regions 
of  opposite  polarity  divided  by  a  neutral  area  at  right  angles  to  the  earth's  line  of 
total  force.  If  the  plate  is  hammered  or  bent,  this  magnetism  takes  up  a  permanent 
character. 

If  the  m^netic  mass  has  a  third  dimension,  and  assumes  the  form  of  a  ship,  a 
^milar  condition  prevails.  The  whole  takes  up  a  magnetic  character;  there  is  a 
mimetic  axis  in  the  direction  of  the  line  of  total  force,  with  poles  at  its  extremities 
ancfa  zone  of  no  magnetism  perpendicular  to  it.     The  distribution  of  i '" — 


will  depend  upon  the  horizont^  and  vertical  components  of  the  earth's  force  in  the 
locality  and  upon  the  direction  of  the  keel  in  building;  its  permanency  will  depend 
upon  the  amount  of  mechanical  violence  to  which  the  metal  has  been  subjected  by 
the  riveting  and  other  incidents  of  construction,  and  upon  the  nature  of  the  metu 
employed. 

99.  Causes  that  Peoduoe  Deviation. — There  are  tihree  influences  that 
operate  to  produce  deviation;  namely,  (a)  mhpermaneat  magiietism;  (jb)  iranaietU 
magnetism  induced  in  verHcal  soft  iron,  and  (c)  transient  magnetism  indued  in  Juvi- 
zotOtds^tiron.    Their  effect  will  be  explained. 

SuipermanerU  magnetism  is  the  name  given  to  that  magnetic  force  which  ori^ 
nates  in  the  ship  while  building,  through  the  process  explained  in  the  preceding 
article;  after  the  vessel  is  launched  and  has  an  opportunity  to  swing  in  a^mutii, 
the  magnetism  tiius  induced  will  suffer  material  dinunution  until,  after  the  lapse  of 
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A  certain  time,  it  will  Battle  down  to  a  coaditjoa  that  continues  pracdcally  uuclianged; 
the  ma^etism  that  remains  is  denominated  subpennanent.  The  vessel  will  then 
approximate  to  a  permanent  ma^et,  in  which  tne  north  polarity  will  lie  in  that 
region  which  was  north  in  buildmg  And  the  south  polarity  (that  which  exerts  an 
attracting  influence  on  the  north  pole  of  the  compass  needle)  in  the  region  which 
was  south  in  building. 

Transient  magr^ism,  induced  in  vertical  soft  iron  is  that  developed  in  the  soft 
iron  of  a  vessel  through  the  inductive  action  of  the  vertical  component  only  of  the 
earth's  total  force,  and  is  transient  in  nature.  Its  value  or  force  in  any  given  mass 
varies  with  and  depends  upon  the  value  of  the  vertical  component  at  the  place, 
and  is  proportional  to  the  sine  of  the  dip,  being  a  maximum  at  the  magnetic  pole 
and  zero  at  the  magnetic  equator. 

Traneient  magnetism  induced  in  horizontal  soft  iron  is  that  developed  in  the  soft 
iron  of  a  vessel  through  the  inductive  action  of  the  horizontal  component  only  of 
the  earth's  total  force,  and  is  transient  in  nature.  Its  value  or  force  in  any  given 
mass  varies  with  and  depends  upon  the  value  of  the  horizontal  component  at  the 
place,  and  is  proportional  to  the  cosine  of  the  dip,  being  a  maximum  at  the  magnetic 
equator  and  reducing  to  zero  at  the  magnetic  pole. 

The  needle  of  a  compass  in  any  position  on  board  ship  will  therefore  be  acted 
upon  by  the  earth's  total  force,  together  with  the  three  forces  just  described.  The 
poles  of  these  forces  do  not  usually  lie  in  the  horizontal  plane  of  the  compass  needle, 
but  as  this  needle  is  constrained  to  act  in  a  horizontal  plane,  its  movements  will  be 
affected  solely  by  the  horizontal  components  of  these  forces,  and  its  direction  wiU 
be  determined  by  the  resultant  of  those  components. 

The  earth's  force  operates  to  retain  the  compass  needle  in  the  plane  of  the 
magnetic  meridian,  but  the  resultant  of  the  three  remaining  forces,  when  without 
this  plane,  deflects  the  needle,  and  the  amount  of  such  deflection  constitutes  the 
deviation. 

_  100.  Classes  op  Deviation. — Investigation  has  developed  the  fact  that  the 
deviation  produced  as  described  is  mode  up  of  three  parts,  which  are  known  respec- 
tively as  Semicircular,  quadrarUaJ,  and  constant  deviation,  the  latter  bein^  the  least 
important.  A  clear  understanding  of  the  nature  of  each  of  these  classes  is  essential 
for  a  comprehension  of  the  methods  of  compensation. 

101.  Semicircular  Deviation  is  that  due  to  the  combined  influence,  exerted  in  a 
horizontal  plane,  of  the  subpermanent  magnetism  of  a  ship  and  of  the  magnetism 
induced  in  soft  iron  by  the  vertical  component  of  the  earth's  force.  If  we  regard  the 
effect  of  these  two  forces  as  concentrated  in  a  single  resultant  pole  exerting  an 
attracting  influence  upon  the  north  end  of  the  compass  needle,  it  may  be  seen  that 
there  will  be  some  heading  of  the  ship  whereon  that  pole  will  lie  due  north  of  the 
needle  and  therefore  produce  no  deviation;  now  consider  that,  from  this  position, 
die  ship's  head  swings  in  azimuth  to  the  right;  throughout  all  of  the  semicircle  flrst 
descrilwd  an  easterly  deviation  will  be  produced,  and,  after  completing  180°,  the  pole 
will  be  in  a  position  diametericolly  opposite  to  that  from  whicn  it  started,  and  will 
a£;ain  exert  no  influence  that  tends  to  produce  deviation.  Continuing  tne  swing, 
throughout  the  next  semicircle  the  direction  of  the  deviation  produced  will  be  always 
to  the  westward,  until  the  circle  is  completed  and  the  ship  returns  to  her  original 
neutral  position.  From  the  fact  that  this  disturbing  cause  acts  in  the  two  semicircles 
with  equal  and  opposite  effect  it  is  given  the  name  of  semicircular  deviation. 

In  figure  9  a  curve  is  depicted  wnich  shows  the  deviations  of  a  semicircular  nature 
wp«rftt|M  from  those  due  to  other  disturbing  causes,  and  from  this  the  reason  for 
the  nsmt  will  be  apparent. 

103>  Ketuming  to  the  two  distinct  sources  from  which  the  semicircular  deviation 
Haaea,  it  may  be  seen  that  the  force  due  to  subpermanent  magnetism  remains  constant 
ttmaokm  of  the  geographical  position  of  the  vessel;  but  smce  the  horizontal  force 
mtbtt  Mrth,  which  tends  to  hold  the  needle  in  the  magnetic  meridian,  varies  with  the 
"olatitude,  the  deviation  due  to  subpermanent  magnetism  varies  inversely  as 


ftfelwriaDntal  force,  or  as  y,;  this  may  be  readily  understood  if  it  is  considered  that 

te>troafcer  the  tendency  to  cling  to  the  direction  of  the  magnetic  meridian  the  less 
iriSbe  tte  deflection  due  to  a  given  disturbing  force.    On  tlw  other  hand,  that  part 
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of  the  semicircular  force  due  to  m^oetism  induced  ia  vertical  soft  iron  Tariea  as  the 
earth's  vertical  force,  which  ia  proportional  to  the  sine  of  the  dip;  its  effect  in  producing 
deviation,  as  in  the  preceding  case,  varies  inversely  as  the  earu's  horizontal  force — 
.  tiiat  is,  inversely  as  the  cosine  of  the  dip ;  hence  the  ratio  representing  the  chuige  of 

deviation  arising  &om  this  cause  on  change  of  latitude  is -t,  or  tan  d. 

If,  then,  we  consider  the  change  in  the  semicircular  deviation  due  to  a  change 
of  magnetic  latitude,  it  will  be  necessary  to  separate  the  two  factors  of  the  deviation 
and  to  remember  that  the  portion  produced  by  subpermanent  magnetism  varies  as 

V?,  and  that  due  to  vertical  induction  as  tan  6.    But  for  any  consideration  of  the 

effect  of  this  class  of  deviation  in  one  latitude  only,  the  two  parts  may  be  joined 
together  anH  regarded  as  having  a  single  resultant. 

103.  Assuming  that  all  the  forces  tending  to  produce  semicircular  deviation 
are  concentrated  in  a  single  pole  exerting  an  mfluence  on  the  north  pole  of  the 
compass,  it  will  be  seen  that  this  can  be  resolved  into  a  horizontal  and  s  vertical 
component,  just  as  the  earth's  magnetic  force  is  illustrated  in  figure  10.     It  is  now 

evident,  therefore,  that  the  horizontal  component  of  tJbis 

single  magnet  may  be  resolved  into  two  components — one 

fore-and-att,  and  one  sthwartship;   in  this  case,  the  semi- 

^  circular  forces  will  be  represented  by  two  magnets,  one  for&- 

,'     and-aft  and  the  other  athwartship,  and  compensation  may 

'       be  made  by  two  separate  magnets  lying  respectively  in  the 

directions  stated,  but  with  their  north  or  repelhng  polea  in 

the  position  occupied  by  the  south  or  attracting  p<3e8  of  the 

ship's  force. 

Figure  11  represents  the  conditions  that  have  been 
descrilKd.  Let  O  be  the  center  of  the  compass,  XX'  and 
YY',  respectively,  the  fore-and-aft  and  athwartship  lines  of 
the  ship,  and  OS  the  direction  in  which  the  attracting  pole  of 
the  disturbing  force  is  exerted.  Now,  if  OP  be  laid  off  on 
the  line  OS,  representing  the  amount  of  the  flisturbing  force 
according  to  some  convenient  scale,  then  Ob  and  Oc,  reepeo- 
tively,  represent,  on  the  same  scale,  the  resolved  directions  (A 
that  force  in  the  keel  line  and  in  the  ti*ansverse  line  of  the 
ship.  Each  of  these  resolved  forces  will  exert  a  maximum 
effect  when  acting  at  right  angles  to  the  needle,  the  athwart- 
ship  one  when  the  ship  heads  north  or  south  by  compass, 
and  the  longitudinal  one  when  the  heading  is  east  or  west. 
On  any  other  heading  than  those  named  the  deviation  pro- 
duced by  each  force  inJl  be  a  fraction  of  its  maximum  whose 
magnitude  will  depend  upon  the  azimuth  of  the  ship's  head.  The  maximum  devii^ 
tion  produced,  therefore,  forms  in  each  case  a  basis  for  reckoning  all  of  the  various 
effect  of  the  disturbing  force,  and  is  called  a  coefidefnt. 

The  coefficient  of  semicircular  deviation  produced  by  the  force  in  the  fore-and-aft 
line  is  called  B,  and  is  reckoned  as  positive  when  it  attracts  s  north  pole  toward  tiie 
bow,  n^ative  when  toward  the  stem;  that  produced  by  the  athwartship  force  ia  C, 
and  is  reckoned  as  positive  to  starboard  and  negative  to  port.  These  coefficients  are 
expressed  in  degrees." 

104.  The  coefficient  B  ia  approximately  equal  to  the  deviation  on  Sast;  or  to 
the  deviation  on  West  with  reversed  sign;  or  to  the  mean  of  these  two.  Thus  in 
the  ship  having  the  table  of  deviations  previously  given  (art.  93),  B  ia  equal  to 
-9°  06',  or  to  -9°  56',  or  to  i  (-9°  06'-9'*  S6')  =  -9°  31'. 

The  coefficient  C  is  approximately  equal  to  the  deviation  on  North;  or  to  the 
deviation  on  South  with  reversed  sign;  or  to  the  mean  of  these  two.  In  the  example 
Cisequalto  -15°  29',  or  to  -17"  52',  or  to  i  (-15°  29'- 17°  52')= -16°  40'. 
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105.  The  value  of  the  subpermaDent  maffDetism  remaining  practically  constant 
under  all  conditions,  it  will  not  alter  when  the  ship  changes  her  latitude;  but  that 
due  to  induction  in  vertical  soft  iron  undei^oes  a  change  when,  by  change  of  geo- 
graphical position,  the  vertical  component  of  the  earth  s  force  as^mea  a  different 
value,  and  in  such  case  the  correction  by  means  of  one  or  a  pair  of  permanent  magnets 
will  not  remain  effective.  If,  however,  by  series  of  observations  in  two  magnetic 
latitudes,  the  values  of  the  coefficients  can  be  determined  under  the  differing  cii^ 
cumstances,  it  is  possible,  by  solving  equations,  to  detennine  what  effect  each  Torce 
has  in  producing  the  semicircular  deviation;  having  done  which,  the  subpennanent 
magnetism  can  oe  corrected  by  permanent  magnets  after  the  method  previously 
described,  and  the  vertical  induction  in  soft  iron  can  be  corrected  by  a  piece  of 
vertical  soft  iron  placed  in  such  a  position  near  the  compass  as  to  produce  an  equal 
but  oppofflte  force  to  the  ship's  vertical  soft  iron.  This  last  corrector  is  called  a 
Flvnderahar. 

Having  thus  opposed  to  each  of  the  component  forces  a  corrector  of  magnetic 
cliaracter  identical  with  its  own,  a  change  of  latitude  will  make  no  difference  m  the 
effectiveness  of  the  compensation,  for  m  every  case  the  modified  conditioDs  will 
produce  identical  results  m  the  disturbing  and  in  the  correcting  force. 

106.  QuadranttA  Demaixon  is  that  which  arises  from  horizontal  induction  in  the 
soft  iron  of  the  ve^el  through  the  action  of  the  horizontal  component  of  the  earth's 
total  force.  Ijet  us  consider,  in  figure  12,  the  effect  of  any  piece  of  soft  iron  which 
is  Bjrmmetrical  with  respect  to  the  compass — that 
is,  which  lies  wholly  within  aplane  passing  through 
the  center  of  t^e  needle  in  either  a  fore-and-aft  or 
an  athwartahip  direction.  It  may  be  seen  (a)  that 
such  iron  prcAluces  no  deviation  on  the  cardinal 
points  (for  on  north  and  south  headings  the  fore- 
and-aft  iron,  though  strongly  magneti^d,  has  no 
tendency  to  draw  the  needle  from  a  north-and-eouth 
bne,  while  the  athwartshlp  iron,  being  at  ri^ht  an^es 
to  the  meridian,  receives  no  magnetic  mduction, 
and  therefore  exerta  no  force;  and  on  east  and 
westheadingasimilarconditions  prevail,  the  athwart- 
ahip  and  the  fore-and-aft  iron  having  simply  ex- 
changed positions) ;  and  (6)  the  direction  of  the 
deviation  produced  is  opposite  in  successive  quad-  I 
rants.     The  action  of  unsymmetrical  soft  iron  is  no.  it. 

not  quite  so  readily  apparent,  but  investigation  shows  that  part  of  its  effect  is  to 
produce  a  deviation  which  becomes  zero  at  the  inter-cardinal  points  and  is  of  oppo- 
site name  in  successive  quadrants.  From  the  fact  that  deviations  of  this  class 
change  sign  every  SC  throughout  the  circle,  they  gain  the  name  of  mtadrarU^d  devv- 
aiiona.  One  of  the  curves  lud  down  in  the  Napier  di^run  (^.  9)  is  that  of  quad- 
rautal  deviations,  wh«ice  the  nature  of  this  disturbance  oT  the  needle  may  be 
observed. 

107.  All  deviations  produced  by  soft  iron  may  be  considered  as  fractions  of. 
the  maximum  deviation  due  to  that  disturbing  influence;  and  consequently  the 
maximum  is  r^arded  as  a  coefficient,  as  in  the  case  of  semicircular  deviations.^ 
The  coeffiraent  due  to  symmetrical  soft  iron  is  designated  as  D,  and  is  considered 
positive  when  it  produces  easterly  deviations  in  the  quadrant  between  North  and 
Sastj  the  coefficient  of  deviations  arising  from  unsymmetrical  soft  iron  is  called  E, 
and  is  reckoned  as  positive  when  it  produces  easterly  deviations  in  the  quadrant 
between  NW.  and  NE.;  this  latter  attains  importance  only  when  there  is  some 
marked  inequaUty  in  the  distribution  of  metal  to  starboard  imd  to  port,  as  in  the 
case  of  a  compass  placed  off  the  amidship  line. 

108.  D  is  approximately  equal  to  the  mean  of  the  deviations  on  NE.  and  SW.; 
or  to  the  mean  of  those  on  SE.  and  NW.,  with  sign  reversed;  or  to  the  mean  of  those 
means.  In  the  table  of  deviations  given  in  article  93,  D  is  equal  to  ^  (  —  11°  10' -1-25'' 
35')=+7''08'  ortoi(+5''54'  +  10^20')-+8''07';ortoi(7''08'+8°07')=+7''37'. 
By  reason  of  the  nature  of  the  arrangement  of  iron  in  a  snip,  D  is  almost  invariably 
positive. 
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E  is  approximately  equ&l  to  the  mean  of  the  deviatiooa  on  Korth  and  South;  or 
to  the  mean  of  those  on  East  and  West  with  sign  reversed;  or  to  the  mean  of  those 
means.  In  the  example,  E  ia  equal  to  i  (-15°  29'  +  17''  62')=  +1°  11';  or  to 
4  (  +  9°06'-9°56')--0°25';  or  to  i  (  +  1°  ll'-0''25')- +0''23'. 

109.  Quadrantal  deviation  doea  not,  like  semicircular,  undergo  a  change  upon 
changeof  m^netio  latitude^  beingdueto  induction  in  horizontal  soft  u*ou,  the  magnetie 
force  exerteato  produce  it  la  proportional  to  the  horizontal  compondut  of  the  earth's 
magnetism;  but  the  directive  force  of  the  needle  likewise  depends  upon  that  same 
component;  consequentlv,  as  the  disturbing  force  exerted  upon  the  necHlld  locreasee, 
so  doeB  the  power  that  holds  it  in  the  magnetic  meridian,  with  the  result  that  on 
any  given  heading  the  deflection  due  to  soft  iron  ia  always  the  same. 

110.  Quadrantal  deviation  is  corrected  by  placing  masses  of  soft  iron  (usnatly 
two  hollow  spheres  in  the  athwartship  line,  at  equal  distances  on  each  side  of  the 
compass) ,  with  the  center  of  mass  in  the  horizontal  plane  of  the  needle.  The  distance 
is  made  such  that  the  force  exerted  exactly  coimteracts  that  of  tJie  ship's  iron.  As 
the  correcting  effect  of  this  iron  will,  like  the  directive  force  and  the  quadrantal 
disturbing  force,  vary  directly  with  the  earth's  horizontal  component,  the  compen- 
sation once  properly  made  wiH  be  effective  in  all  latitudes;  provided  that  the  compass 
needles  are  short  and,  consequently,  exercise  little  or  no  mduction  on  the  quadrantal 
correctors, 

With  compasses  such  as  the  United  States  Navy  standard  74-inch  liquid  compass, 
the  needles  of  which  are  long  and  powerful,  it  will  usually  be  found  that  the  position 
of  the  spheres  must  be  changed  with  change  of  latitude.  This  may  be  accounted  for 
by  the  magnetism  induced  m  the  spheres  t>y  the  compass  needles  at  the  same  time 
and  in  the  same  manner  as  the  earth's  force.  In  this  case  the  quadrantal  correcting 
force  is  the  resultant  of  the  constant  force  due  to  the  induction  of  the  needles  in  the 
spheres  and  the  variable  force  (the  earth's  horizontal  force,  H,  varyingwith  change 
in  magnetic  latitude)  due  to  the  induction  of  the  earth  in  the  spheres.  This  resultant 
of  these  two  forces  is  a  variable  force,  and,  after  a  given  quadrantal  deviation  k 
corrected  in  one  latitude  by  this  force,  the  balance  will  be  changed  upon  going  into 
another  latitude  and  the  correction  vrm  fail  to  hold  good. 

In  practice,  the  quadrantal  deviation  due  to  uusymmetricat  iron  is  seldom 
corrected;  the  correction  may  be  accomplished,  however^  by  placii^  the  soft  iron 
masses  on  a  line  which  makes  an  angle  to  the  athwartship  line  through  the  cento: 
of  the  card. 

111.  Ctmstani  Deviatum  ia  due  to  induction  in  horizontal  soft  iron  unsym- 
metrically  placed  about  the  compass.  It  has  already  been  explained  that  one  effect 
of  such  iron  i^  to  produce  a  quadrantal  deviation,  represented  by  one  coefficient  E; 
another  effect  is  the  constant  deviation,  so  called  because  it  is  uniform  in  amount 
and  direction  on  eveij  heading  of  the  ship.  If  plotted  on  a  Napier  diagram,  it  would 
appear  as  a  straight  une  parallel  with  the  initied  line  of  the  diagram. 

112.  Like  other  claflsea  of  deviation,  the  effect  of  the  disturbing  force  is  repre- 
sented by  a  coefficient ;  this  coefficient  is  designated  as  A,  and  is  considered  plits  for 
easterly  and  minua  for  westerly  errors,  lb  is  approximately  equal  to  the  mean  of 
the  deviations  on  any  number  of  equidistant  headings.  In  the  case  previously  given, 
it  might  be  found  from  the  four  headings,  North,  E^t,  South,  and  West,  and  would 
then  06  equal  to  i  (-15°  29'-9°  06'-t-17°  52'  +  9°  56')=  +0°  48';'  or  from  all  of 

'the  24  headings,  when  it  woidd  equal  —0°  01'. 

For  the  same  reason  as  in  the  case  of  E,  the  value  of  A  is  usually  so  small  that 
it  may  be  neglected;  it  only  attains  a  material  size  when  the  compass  is  placed  off 
the  midship  Ime,  or  for  some  similar  cause. 

113.  Like  quadrantal  deviation,  since  its  force  varies  with  the  earth's  horizontal 
force,  the  constant  deviation  will  remain  uniform  in  amount  in  all  latitudes.  (See 
art.  110.) 

No  attempt  is  made  to  compensate  for  this  class  of  error. 

114.  Coefficients. — The  cnief  value  of  coefficients  is  in  mathematical  analyses 
of  the  deviations  and  their  causes.  It  may,  however,  be  a  convenience  to  the  practical 
navigator  to  find  their  approximate  values  by  the  methods  that  have  been  given,  in 
order  that  he  may  gain  an  idea  of  the  various  sources  of  the  error,  with  a  view  to 
ameliorating  the  conditions,  when  necessary,  by  moving  the  binnacle  or  altering  the 
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snrroimding  iron.    Tbo  following  relation  exists  between  the  coefficients  &ud  the 
deviation: 

d-A+B  sin  z'+C  cos  g'  +  D  sin  22* +E  cos  2z', 

where  d  is  the  deviation,  and  2'  the  ship's  heading  by  compass,  measured  from 
oompass  North. 

115.  Mean  DmBcnrE  Foboe. — ^The  effect  of  the  disturbing forceaisnotconfined 
to  causing  deviations;  it  is  onlv  those  components  acting  at  right  angles  to  the  needle 
which  operate  to  produde  deflection;  the  effect  of  those  actmg  in  the  direction  of 
the  needle  is  exerted  either  in  increasing  or  diminishing  the  airective  force  of  the 
compass,  according  as  the  resolved  component  is  northerly  or  southerly. 

It  occurs,  with  the  usual  arrangement  of  iron  in  a  vessel,  that  the  mean  effect 
of  this  action  throughout  a  complete  swing  of  the  ship  upon  all  headings  is  to  reduce 
the  directive  force — that  is,  while  it  varies  with  the  heaaing,  the  average  value  upon 
aJl  azimuths  is  minus  or  southerly.  The  result  of  such  a  condition  is  unfavorable 
&om  the  fact  that  the  compass  is  thus  made  more  "sluggish,"  is  easily  disturbed 
and  does  not  return  quickly  to  rest,  and  a  given  deflecting  force  produces  a  greater 
deviation  when  the  directive  force  is  reduced.  The  usual  methods  of  compensation 
largely  correct  this  fault,  but  do  not  entirely  do  so;  it  is  therefore  the  case  that  the 
mean  combined  horizontal  force  of  earth  and  ship  to  north  is  generally  less  than  the 
horizontal  force  of  the  earth  alone;  but  it  is  only  m  extreme  cases  that  this  deficiency 
IB  serious. 

116.  Heslino  Esbob. — ^This  is  an  additional  cause  of  deviation  that  arises 
when  the  vessel  heels  to  one  side  or  the  other.  Heretofore  only  those  forces  have 
been  considered  which  act  when  the  vessel  is  on  an  even  keel;  but  if  there  is  an  incli- 
nation  from  the  vertical  certain  new  forces  arise,  and  others  previously  inoperative 
become  effective.  These  forces  are  (a)  the  vertical  component  of  the  subpermanent 
magnetism  acquired  in  building '  (b)  the  vertical  component  of  the  induced  magnetism 
in  vertical  soft  iron,  and  (c)  the  magnetism  induced  by  the  vertical  component  of 
the  earth's  total  force  in  iron  which,  on  an  even  keel,  was  horizontal.  The  first  two 
of  these  disttu-bing  causes  are  always  present,  but,  when  the  ship  is  upright,  have  no 
tendency  to  produce  deviation,  simply  exerting  a  downward  pull  on  one  of  the  poles 
of  the  needle;  the  last  is  a  new  force  that  arises  when  the  vessel  heels. 

The  maximum  disturbance  due  to  heel  occurs  when  the  ship  heads  North' or 
South.  When  heading  East  or  West  there  will  be  no  deviation  produced,  although 
the  directive  force  of  the  needle  will  be  increased  or  diminished.  The  error  will 
increase  with  the  amount  of  inclination  from  the  vertical. 

117.  For  the  same  reason  as  was  explained  in  connection  with  semicircular 
deviations,  that  part  of  the  heeling  error  due  to  subpermanent  magnetism  will  vary, 

on  change  of  latitude,  as  w,  while  that  due  to  vertical  induction  will  vary  as  tan  0. 

In  south  magnetic  latitude  the  effect  of  vertical  induction  will  be  opposite  in  direction 
to  what  it  is  in  north  latitude. 

118.  The  heeling  error  is  corrected  by  a  permanent  magnet  placed  in  a  vertical 
position  directly  under  the  center  of  the  compass.  Such  a  ma^et  has  no  effect  u^ran 
the  compass  when  the  ship  is  upright;  but  since  its  force  acts  m  an  opposite  direction 
to  the  force  of  the  ship  which  causes  heeling  error,  is  equal  to  the  latter  in  amount, 
and  ia  exerted  under  the  same  conditions,  it  affords  an  effective  compensation.  For 
similar  reasons  to  those  affecting  the  compensation  of  B  and  C,  the  correction  by 
meana  of  a  permanent  magnet  is  not  general  and  must  be  rectified  upon  change  of 
latitude. 

raACnOAL  OOKFENSATION. 

lift.  In  the  course  of  explanation  of  the  different  classes  of  deviation  occasion 
has  been  taken  to  state  generally  the  various  methods  of  compensating  the  errors  that 
are  produced.  The  practical  methods  of  applying  the  correctors  win  next  be  given. 
120.  Okdeb  of  CoRRECfnoN.— The  f ollowmg  is  the  order  of  steps  to  he  followed 
in  each  case.  It  is  assumed  that  the  vessel  is  on  an  even  keel,  that  the  compass  ia 
properly  centered  in  the  binnacle,  that  all  surrouhding  masses  of  iron  or  steel  are  in 
iheu'  normal  positions,  all  correctors  removed,  and  that  the  binnacle  is  one  in  which 

61828'— 16 1  ,^  , 
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the  semicircular  deriatioD  is  corrected  hy  two  sets  of  peimuient  ma^eta  at  rig^t 
angles  to  each  other. 

In  order  to  ascertain  if  the  compass  is  properly  centered  in  the  binnacle,  the 
heeling  corrector  may  be  temporarily  placed  in  its  tube  and  drawn  from  its  lowest 
to  its  nighesb  position;  if  no  deflection  is  Blu>wn  by  the  needle  the  compass  is  prop- 
erly centered;  if  not  it  should  be  adjusted  by  the  screws  provided  for  the  purpose. 

1 .  Place  quadrantal  correctors  by  estimate. 

2.  Correct  semicircular  deviation. 

3.  Correct  (quadrantal  deviation. 

4.  Swing  ehip  for  residual  deviations. 

The  heding  corrector  may  be  placed  at  any  time  after  th.6  semidrcular  and 
quadrantal  errors  are  corrected.  A  Flinders  bar  can  be  put  in  place  only  after 
observations  in  two  latitudes. 

121.  The  ship  is  first  placed  on  some  magnetic  cardinal  point.  If  North  or 
South,  the  only  force  (theoretically  speaking)  which  tends  to  produce  deflection  of  the 
needle  will  be  the  athwartship  component  of  the  semicircular  force^  whose  effect  is 
represented  by  the  coefficient  C.  It  East  or  West,  the  only  deflecting  force  will  be 
t^e  fore-and-aft  component  of  the  semicircular  force,  whose  effect  is  represented  by 
the  coefficient  B.  This  will  be  apparent  from  a  consideration  of  the  direction  of  tlie 
forces  producing  deviation,  and  is  also  shown  by  the  equation  connecting  the  teima 
(where  A  and  £  are  zero) : 

d  —  B  sin  «'  +  C  cos  2*  +  D  sin  2z'. 

If  the  ship  is  headed  North  or  South,  z'  being  equal  to  O'*  or  180",  the  equation 
becomes  d  -  ±  C.    If  on  East  or  West,  z'  being  90*  or  270°,  we  have  d  -  ±  B. 

This  statement  is  exact  if  we  r^ard  only  the  forces  that  have  been  considered 
in  the  problem,  but  experience  has  demonstrated  that  the  various  correctors  when 
in  place  create  certain  additional  forces  by  their  mutual  action,  and  in  order  to  correct 
the  dtsturbfuices  thus  accidentally  produced,  as  well  as  those  due  to  regular  causes, 
it  is  necessary  that  the  magnetic  conditions  during  correction  shall  approximate  as 
closely  as  possible  to  those  that  exist  when  the  compensation  ia  completed  j  therefore 
the  quadrantal  correctors  should  first  be  placed  on  their  arms  at  the  positions  which 
it  -is  estimated  that  they  will  occupy  later  when  exactiy  locatod.  An  error  in  the 
estimate  will  have  but  slight  effect  under  ordinary  conditions.  It  should  be  under- 
stood that  the  placing  of  these  correctors  has  no  corrective  effect  while  the  ship  is  on 
a  cardinal  point.  Its  object  is  to  create  at  once  the  magnetic  field  with  which  ve 
shall  have  to  deal  when  compensation  is  perfected. 

Tbia  havine  been  done,  proceed  to  correct  the  semicircular  deviation.  If  the 
ship  heads  North  or  South,  the  force  producing  deflection  is,  as  has  been  stated,  the 
athwartship  component  of  the  semicircular  force,  which  is  to  be  corrected  by  perma^ 
nent  magnets  placed  athwortships:  therefore  enter  in  the  binnacle  one  or  more  such 
magnets^  and  so  adjust  their  height  that  the  heading  of  the  ship  by  compass  sh^ 
agree  with  the  magnetic  beading.  When  this  is  done  all  the  deviation  on  that 
azimuth  wiU  be  corrected. 

Similarly,  if  the  ship  heads  East  or  West,  the  force  producing  deviation  is  tb* 
fore-and-aft  component  of  the  semicircular  force,  and  this  is  to  be  corrected  by 
entering  fore-and-aft  permanent  magnets  in  the  binnacle  and  adjusting  the  height 
so  that  the  deviation  on  that  heading  disappeais. 

With  the  deviation  on  two  adjacent  cardinal  points  corrected,  the  semicireular 
force  has  been  completely  compensated.  Next  correct  the  quatutmtal  deviation. 
Head  the  ship  NE.,  SE.,  SW.,  or  NW.  The  coefficients  B  and  C  havmg  been  reduced 
to  zero  by  compensation,  and  2z',  on  the  azimuths  named,  being  equal  to  90°  or  270°, 
the  equation  becomes  d  =  ±  D.  The  soft-iron  correctors  are  moved  in  or  out  from 
the  positions  in  which  they  were  placed  by  estimate  until  the  deviation  on  the  heading 
(all  of  which  is  due  to  quadrantal  force)  disappears,  llie  quadrantal  disturbing 
force  is  then  compensated. 

122.  Dbtebuinatioh  of  Magnbtio  Headikos. — ^To  determine  when  a  ship 
is  heading  on  any  given  magnetio  course,  and  thus  to  know  when  the  deviation  baa 
been  corrected  and  the  correctors  are  in  proper  position,  four  methods  are  available: 
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(a)  Swing  the  ship  and  obtain  by  the  best  available  method  the  deTJations  on  a 
.  _Bcient  nnmber  of  compass  courses  to  construct  a  curve  on  the  Kapier  diagram 
for  one  quadrant,  and  thus  find  the  compass  headings  corresponding  to  two  adjacent 
magnetic  cardinal  points  and  the  int«nnediate  intercardinal  point,  as  Xorth,  NE., 
uid  East,  magnetic.*  Then  put  the  ship  successively  on  these  courses,  noting  the 
coirespon^ng  headings  by  some  other  compass,  and  when  it  is  desired  to  head  on 
the  various  magnetic  azimuths  during  the  process  of  correction  the  ship  may  be 
steadied  upon  them  by  the  auxiUary  compass.  Variations  of  this  method  will  suggest 
themselves  and  circumstances  may  render  their  adoption  convenient.  The  compass 
cooises  corresponding  to  the  magnetic  directions  may  be  obtained  from  observations 
made  with  the  auxihary  compass  itself,  or  while  making  observations  with  another 
compass  the  heading  Dv  the  auxiliary  may  be  noted  and  a  curve  for  the  latter 
c<Histructed,  as  explamea  in  article  95,  and  tne  required  headings  thus  deduced. 

(6)  By  the  methods  to  be  explfuned  hereafter  (Chap.  XTV),  ascertain  in  advance 
.the  true  bearing  of  the  sim  at  frequent  intervals  during  the  period  which  is  to  be 
devoted  to  the  compensation  of  the  compasses;  apply  to  these  the  variation  and 
obtain  the  magnetic  Dearings;  record  the  times  and  bearings  in  a  convenient  tabular 
form,  or,  better  stiU,  plot  a  curve  of  magnetic  azimuths  of  the  sun  on  cross  section  paper, 
thecoordinates  being  local  apparent  time  and  magnetic  bearings  of  the  sim,  as  described 
in  article  89.  Set  Uie  watch  accurately  for  the  local  apparent  time;  then  when  it 
is  required  to  steer  any  given  magnetic  course,  set  that  point  of  the  pelorus  for  the 
ship's  head  and  set  the  sight  vanes  for  the  magnetic  bearing  of  the  sun  corresponding 
to  the  time  by  watch.  Maneuver  the  ship  with  the  helm  until  the  sun  comes  on  the 
fflgfat  vanee,  when  the  arimuth  of  the  ship  s  head  will  be  that  which  is  required.  The 
fflight  vanes  must  be  altered  at  intervals  to  accord  with  the  curve  or  table  of  times 
and  bearings. 

(c)  Construct  a  curve  or  table  showing  times  and  corresponding  magnetic 
bearings  of  the  sun,  and  also  set  the  watch,  as  explained  for  the  previous  method, 
iiien  place  the  sight  vanes  of  the  arimuth  circle  of  the  compass  at  the  proper  angular 
distance  to  the  right  or  left  of  the  required  arimuth  of  the  ship's  head ;  leave  them  so 
set  and  maneuver  the  ship  with  the  nelm  until  the  image  of  the  sun  comes  on  with 
the  vanes.  The  course  will  then  be  the  required  one.  As  an  example,  suppose  that 
the  curve  or  table  shows  that  the  magnetic  azimuth  of  the  sun  at  tne  time  given  by 
the  watch  is  N.  87°  £.,  and  let  it  be  required  to  head  magnetic  Korth;  when  placed 
upon  this  heading,  therefore,  the  sun  must  bear  87°  to  the  right  or  east  of  the 
direction  of  the  ship's  head ;  when  steady  on  any  course,  turn  the  sight  vane  to  the 
required  bearing  relative  to  the  keel.  If  on  N.  11°  W.,  for  example,  turn  the  circle 
to  N.  76°  £.;  leave  the  vane  imdisturbed  and  alter  course  until  the  sun  comes  on. 
Hie  magnetic  heading  is  then  Korth,  and  adjustment  may  be  made  accordingly. 

(d)  When  ranges  are  available,  they  may  be  utilizea  for  determining  magnetic 
headings. 

123.  SuMMABT  OF  Ohdinaey  Coereotions. — To  summarize,  the  following  is 
the  process  of  correcting  a  compass  for  a  single  latitude,  where  magnets  at  nght 
angles  are  employed  for  compensating  the  semicircular  deviation  and  where  the  dis- 
tun>ances  due  to  unsymmetrical  soft  iron  are  small  enough  to  be  neglected. 

First.  All  correctors  being  clear  of  the  compass,  place  the  quadrantal  correctors 
in  the  position  which  it  is  estimated  that  they  wiU  occupy  when  adjustment  is  com- 
plete. The  navigator's  experience  will  serve  in  makmg  the  estimate,  or  if  Uiere 
seems  no  other  means  of  arriving  at  the  probable  position  they  may  be  placed  at  the 
middle  points  of  their  supports. 

Second.  Steady  the  snip  on  magnetic  north,  east,  south,  or  west,  and  hold  on 
tliat  heading  by  such  method  as  seems  best.  By  means  of  permanent  magnets  alter 
the  indications  of  the  compass  until  the  heading  coincides  with  the  magnetic  course. 
If  heading  north,  magneta  must  be  entered  north  ends  to  starboard  to  correct  easterly 
deviation  and  to  port  to  correct  westerly,  and  the  reverse  if  heading  south,  u 
heading  east,  enter  north  ends  forward  for  easterly  and  aft  for  westerly  deviations, 
and  the  reverse  if  heading  west.  (Binnacles  differ  so  widely  in  the  methods  of  carry- 
ing magnets  that  details  on  this  point  are  omitted.    It  may  be  said,  however,  that 
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the  magnetic  intensity  of  the  correctors  may  be  varied  by  altering  either  their  number 
or  their  distance  from  the  compass;  generally  speaking,  sereru  magnets  at  a  dis- 
tance are  to  be  preferred  to  a  small  number  close  to  the  compass.) 

Third.  Stead?  the  ship  on  an  adjacent  magnetic  cardinal  point  and  correct  the 
compass  heading  hy  permanent  magnets  to  accord  therewith  in  the  same  manner  as 
described  for  the  first  heading. 

Fourth.  Steady  the  ship  on  an  iutercardinal  point  (magnetic)  and  moTe  the 
quadrantaJ  correctors  away  from  or  toward  the  compass,  keeping  them  at  eqnal 
distances  therefrom,  until  the  compass  and  magnetic  headings  comcide. 

Fifth.  If  time  permits,  it  is  very  important  that  the  ship  should  next  be  steadied 
on  opposite  cardinal  and  semicardinal  points  and  oTie-halfotHie  remaining  deviation 
corrected  by  changing  the  position  or  numba*  of  the  correctors. 

The  compensation  being  complete,  the  navigator  should  proceed  immediately 
to  swing  ship  and  make  a  table  of  the  residual  deviations.  Though  the  remain- 
ing errors  will  be  small,  it  is  seldom  that  they  will  be  reduced  to  zero,  and  it  must 
never  be  assumed  that  the  compass  may  bo  relied  upon  without  taking  the  devi- 
ation into  account.  Observations  on  eight  equidistant  points  will  ordinarily 
suffice  for  this  purpose. 

124.  Ck)MPBNSATioN  OF  THB  CoMPASB  WHii^B  Cbuisinq, — Every  effort  should 
be  made  to  keep  at  least  the  standard  and  steering  compasses  compensated,  as  it  is 
always  easier  to  keep  the  compasses  compensate  than  to  keep  a  deviation  table 
correct,  at  hand,  and  in  use. 

KBCTANGCLAB   METHOD. 

By  the  following  method  the  compasses  may  be  kept  practically  compensated 
and,  after  the  data  are  once  obtained,  it  requires  very  little  tune  or  trouble. 

After  the  first  compensation  is  completed,  or  while  it  is  being  done,  head  the 
ship  north  or  south  and  move  the  athwartehip  magnets  up  exactly  1  inch,  noting 
by  the  bearing  of  the  sim  or  of  a  distant  object,  the  amount  and  direction  of  the 
effect  on  the  compass.  Then  repeat  the  observation,  lowering  the  magnets  1  inch, 
and  noting  the  effect.  Then  head  the  ship  cast  or  west  and  take  the  same  obser- 
vations with  the  fore-and-aft  magnets.  Then  head  on  an  intercardinal  point  and 
record  the  effect.of  moving  spheres  first  in  and  then  out  an  inch  from  the  correct 


On  North,  niaing  B  magneta  (6  bimdlee)  I  inch  (from  9.86  to  S.85)  c«uaM  12°  30'  Eastwly  deviation. 


therefore  a  movement  of  A  inch  causes  1°  15'  Ely. 

Lowering  B  magnets  (8  bundles)  1  inch  (from  9.85  to  10.85)  causes  10°  15'  Westerly  deviation, 
therefore  a  movement  of  ^  inch  causes  1°  2'  Wly. 
On  East,  raising  0  magnet  (2  bundles)  1  inch  (from  10.46  to  9.4$)  CMisee  8°  16'  Weeteriy  deviation, 
therefore  a  movement  of  iV  inch  causee  0*  60'  Wly. 

Lowering  G  magnet  (2  bundles)  1  inch  (from  10.45  to  11.45)  caueee  6°  SCK  Eaateriy  deviati<m, 
therefore  a  movement  of  A  inch  causes  O"  39'  Ely. 
On  Northeast,  moving  spheres  in  1  inch  (from  10,6  to  9.S)  causes  4°  15'  Weeteriy  deviation,  theief(a«  a 
movement  (rf  A  i"^^  causes  0°  26'  Wly, 

Moving  spheres  out  1  inch  {from  10.6  to  11.6)  causes  3°  W  Easterly  deviation,  therdore  a  move- 
ment 01  ^  inch  causes  0°  20'  Ely. 

If  now  it  is  found  at  any  time  that  there  is,  say,  1°  45'  Easterly  on  East,  it  is 
evident  that  raising  the  C  mi^ets  -^  inch  will_  correct  it,  and  careful  observations  on 
two  adjacent  cardinal  points  and  an  mter-cardinal  point  are  enough  to  recompensate. 
This  may  ordinarily  be  done  at  no  expense  of  time  and  with  bttle  double.  More 
confidence  may  be  felt  in  the  result  ii  observations  for  deviations  are  afterwards 
obtained  on  the  four  cardinal  pointa  and  the  mean  of  the  results  oa  opposite  ooiuBas 
taken  for  the  true  value;  this  must  be  done  if  the  variation  is  uncertain.  A  new 
set  of  data  observations  should  be  taken  after  a  lame  change  of  mimetic  latitude, 
but  it  will  usually  be  found  that  the  changes  are  slight. 

Theoretically  the  quadrantal  deviation,  once  corrected,  should  remain  at  aero. 
It  will  usually  be  found,  however,  that  the  position  of  the  spheres  must  be  dungad 
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witb  diange  of  latitude.  A  conTenient  way  of  dealing  with  this  is  to  conatruct  a 
curve  showing  the  positiona  of  the  spheres  for  varying  values  of  H.  A  similar  curve 
diowuic  the  position  of  the  heeling  magnet  is  also  convenient. 

'Wfienever  the  position  of  any  corrector  is  changed,  a  note  diowing  new  position, 
date,  latitude,  longitude,  H  and  6  should  be  made  on  one  of  the  blank  leaves  of  the 
compass  record.  A  complete  record  of  this  kind  will  be  found  of  the  utmost  value 
in  keeping  track  of  the  compasses. 

125.  CoaaBcTiNa  the  HsBLma  Ebbob. — The  heeling  error  may  be  corrected 
by  a  method  involving  computation,  together  with  certain  observations  on  shore. 
A  more  practical  method,  however,  is  usually  followed,  though  its  results  may  be  lees 
precise.  The  heeling  corrector  is  placed  in  its  vertical  tube,  N.  end  uppermost  in 
north  latitudes,  as  tms  is  almost  invariably  the  required  direction ;  the  ship  being  on 
a  course  near  North  or  South  and  rolling,  observe  the  vibrations  of  the  card,  whuji, 
if  the  error  is  material,  will  be  in  excess  of  those  due  to  the  ship's  real  motion  in 
azimuth;  slowly  raise  or  lower  the  corrector  imtil  the  abnormal  vibrations  disappear, 
when  the  correction  will  be  made  for  that  latitude;  but  it  must  be  readjusted  upon 
any  considerable  change  of  geographical  position. 

In  making  this  observation  care  must  be  taken  to  distinguish  the  vessel's 
"yawii^"  in  a  seaway  from  the  apparent  motion  due  to  heeling  error;  for  this 
reason  it  may  be  well  to  have  an  assistant  to  watch  the  ship's  head  and  keep  the 
adjuster  informed  of  the  real  change  in  azimuth,  by  which  means  the  latter  may 
better  judge  the  effect  of  the  heeling  error. 

In  the  case  of  a  sailing  vessel,  or  one  which  for  any  reason  maintains  a  nearly 
steady  heel  for  a  continuous  period,  the  amount  of  the  Heeling  error  may  be  exactly 
ascertained  by  observing  the  azimuth  of  the  sun,  and  corrected  with  greater  accuracy 
than  is  possible  with  a  vessel  which  is  constantly  rolling. 

12d.  Funbebs  Bab. — The  simplest  method  that  presents  itself  for  the  placing 
of  the  Flinders  bar  is  one  which  is  available  only  for  a  vessel  crossing  the  magnetic 
equator.  Magnetic  charts  of  the  world  show  the  geographical  positions  at  which  the 
dip  becomes  zero — that  is^  where  a  freely  suspenc^d  needle  is  exactly  horizontal  and 
where  there  exists  no  vertical  component  of  the  earth's  total  magnetic  force.  In  such 
localities  it  is  evident  that  the  factor  of  the  semicircular  deviation  duo  to  vertical 
induction  disappears  and  that  the  whole  of  the  existing  semicircular  deviation  arises 
from  subpermanent  magnetism.  If,  then,  when  on  the  magnetic  eciuator  the  compass 
be  carefully  compensated,  the  effect  of  the  subpermanent  magnetism  will  be  exactly 
opposed  by  that  of  the  semicircular  correcting  magnets.  Later,  as  the  ship  departs 
from  the  magnetic  equator,  the  semicircular  deviation  will  gradually  acquire  a 
material  value,  which  will  be  known  to  be  due  entirely  to  vertical  induction,  and  if 
the  Flinders  bar  be  so  placed  as  to  correct  it,  the  compensation  of  the  compass  will 
be  general  for  all  latitudes. 

In  following  this  method  it  may  usually  be  assumed  that  the  soft  iron  of  the 
vessel  is  symmetrical  with  respect  to  the  fore-and-aft  hne  and  that  the  Flinders  bar 
may  be  placed  directly  forward  of  the  compass  or  directly  abaft  it,  disr^arding  the 
effect  of  components  to  starboard  or  port.  It  is  therefore  merely  necessary  to 
observe  whether  a  vertical  soft  iron  rod  must  be  placed  forward  or  abaft  the  compass 
to  reduce  the  deviation,  and,  having  ascertained  this  fact,  to  find  by  experiment  the 
exact  distance  at  which  it  completely  corrects  the  deviation. 

The  Flinders  bar  frequently  consists  of  a  bundle  of  soft  iron  rods  contuned  in 
a  case,  which  is  secured  in  a  vertical  position  near  the  compass,  its  upper  end  level 
with  uie  plane  of  the  needles;  in  this  method^  the  distance  remaining  fixed,  the 
intensity  of  the  force  that  it  exerts  is  varied  by  increasing  or  decreasing  the  number 
of  rods;  this  arrangement  is  more  convenient  and  satisfactory  than  the  employment 
of  a  single  rod  at  a  variable  distance. 

The  United  States  Navy  Flinders  bar,  Type  11,  is  made  of  carefully  annealed 
pore  soft  iron,  2  inches  in  diameter,  total  lei^th  24  inches,  consisting  of  pieces  12 
mches,  6  inches,  3  inches,  1}  inches,  and  }  inch  (2  of  these)  long.  Hardwood  blocks 
fA  the  same  dimensions  are  used  to  support  the  proper  length  of  Flinders  bar  at  the 
top  ot  a  fixed  brass  tube,  which  is  secured  ordinarily  at  the  forward  end  of  the  Hn- 
nacle  in  the  fore-and-aft  line. 
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It  should  be  noted,  however,  that  it  is  extremely  difficult  to  get  soft  iron  n>ds 
of  a  satisfactory  quaUty,  for,_  after  being  placed,  they  seldom  fiUl  to  take  np  more 
or  less  eubpennanent  magnetism.  This  ma^etism,  due  to  shock  of  gunfire,  vibra- 
tion while  cruising  or  on  speed  trials,  etc.,  is  subject  to  greater  and  more  oratic 
changes  than  that  of  the  harder  portion  of  the  hull,  and  its  prozinuty  to  the  compass 
inteosi&es  the  effect  of  the  variations  in  its  magnetic  properties. 

127.  When  it  is  not  possible  to  correct  uie  compass  at  the  mimetic  eqiutor 
there  is  no  ready  practical  method  by  which  the  Flinders  bar  may  Be  placed;  the 
opOTation  will  then  depend  entirely  upon  computation;  and  as  a  mathematical 
analysis  of  deviations  is  beyond  the  scope  laid  out  for  thw  work  the  details  of  pro- 
cedure will  not  be  gone  into;  the  general  principles  involved  are  indicated,  aiMl 
students  seeking  more  must  consult  the  vanous  works  that  treat  the  subject  folly. 

It  has  been  expltuned  that  each  coefficient  of  semicircular  deviation  CB  and  C) 
is  made  up  of  a  snbpermanent  factor  varying  as  tt  a^d  of  a  vertical  induction  factor 
varying  as  tan  9.  If  we  indicate  by  the  subscripts  .  and  ,,  respectively,  the  parts  due 
to  each  force,  we  may  write  the  equations  of  the  coefficients: 

B-B.Xjj  +  B,XtaBtf;  and 
C  =  C.  Xg+C,X  tan«. 

Now  if  we  distinguish  by  the  subscripts  ,  and  ,  the  values  in  the  first  and  in  the 
second  position  of  oraervation,  respectively,  of  those  quantities  that  vary  with  the 
magnetic  latitude,  we  have: 

B,-B,X^+B,Xtantf„ 
B,-B.X^+B,XtanO,;  and 

C,  =  C,Xg-+C,Xtantf„ 
C,  =  CX|g-  +  CTXtan«,. 

Tlie  vahiea  of  the  coefficients  in  both  latitudes  are  found  from  the  observations 
made  for  deviations;  the  values  of  the  horizontal  force  and  of  the  dip  at  each  place 
are  known  from  magnetic  charts ;  hence  we  may  solve  the  first  pur  of  equations  for 
B.  and  B,,  and  the  second  pair  for  C.  and  C,;  and  havine  found  the  vaJues  of  these 
various  coeflicients,  we  may  correct  the  effects  of  B,  ana  C,  by  permanent  magnets 
in  the  usual  way  and  correct  the  remainder— that  due  to  B,  and  Cy — by  the  Flindera 
bar. 

Strictly,  tbe  Flioders  bar  shotdd  be  so  placed  that  its  rep^hng  pole  is  at  an 
angulfff  distance  from  ahead  equal  to  the  "starboard  angle"  of  the  attracting  pole 
of  the  vertical  induced  force,  this  angle  depending  upon  the  coefficients  B,  ana  C,; 
but  since,  as  before  stated,  horizontal  soft  iron  may  usually  be  regarded  as  sym- 
metrical, Ct  is  assumed  as  zero  and  the  bar  placed  in  the  mi^hip  Une. 

128.  To  CoBREOT  Adjustment  on  Chakob  op  Latitdde. — The  compensation 
of  quadrantal  deviation,  once  properl  v  made,  remains  effective  in  all  latitudes,  except- 
ing as  noted  in  article  110;  but  imlees  a  Flinders  bar  is  used  a  correction  of  the 
semicircular  deviation  made  in  one  latitude  will  not  remain  accurate  when  the 
vessel  has  materially  changed  her  position  on  the  earth's  surface.  With  this  in 
mind  the  navigator  must  make  frequent  observations  of  the  compass  error  during 
a  passage  and  must  expect  that  the  table  of  residual  deviations  obtuned  in  tile 
magnetic  latitude  of  compensation  wiU  undergo  consderable  chuige  as  that  latitude 
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is  departed  from.  The  new  deviations  may  become  so  lai^  that  it  will  be  found 
convenient  to  readjust  the  semicircolar  correcting  magneta.  This  process  is  very 
simple. 

Whtn  eorreetora  at  right  anglea  are  used,  provide  for  steadying  the  shii 
auxiliary  compass  or  by  the  pelorus,  upon  two  adjacent  magnetic  cardinf 
(art.  122).  Put  the  ship  on  heading  North  or  South  (magnetic),  and  raise 
the  athwartship  m^neta  or  alter  their  number  until  the  deviation  disappef 
steady  on  East  or  West  (magnetic)  and  similarly  adjust  the  fore-and-ait  i 
Swing  ship  for  a  new  table  of  residual  deviations. 

129.  It  must  be  borne  in  mind  that  the  compensation  of  the  compat 
an  exact  science  and  that  the  only  safeguard  is  unceasing  watchfulness  on  t 
gator's  part.  As  the  ship's  iron  is  partiv  "hard"  and  partly  "soft,"  the 
manent  m^netiam  may  change  appreciaoly  from  day  to  day,  especially  i 
ship  as  the  magnetism  ahsorhed  in  building  "shakes  out."  Alter  a  ship  has 
service  for  one  or  two  vears,  the  magnetic  conditions  may  bo  said  to  be  "i 
They  undergo  changes,  nowever,  to  a  greater  or  less  extent,  on  accotmt  of  th< 
ing  influences  or  conditions: 

(a)  Continuous  steaming  on  one  general  course  for  several  days,  espe 
rough  weather,  or  lyii^  alongside  a  dock  on  one  heading  for  a  long  period. 

(b)  Shock  of  gunm«,  even  on  a  ship  that  has  been  m  commission  for  m< 
a  year,  has  been  Imown  to  introduce  an  8°  error,  which  disappeared  in  the  c 
a  lew  days. 

(c)  Extensive  alterations  or  repurs  in  the  vicinity  of  the  compass.  Tl 
scaling  hammera  on  a  military  top  caused  a  3"  change  in  one  of  the  U.  S. 
necticut^s  compasses. 

(d)  Steaming  with  boilers  (especially  under  forced  draft)  whose  funnel 
tiie  compass  has  been  known  to  cause  a  change  of  more  than  10",  the  retain 
uetism  being  "cooked  out." 

(«)  On  the  U.  3.  S.  Oregon,  a  grounded  searchlight  circuit  caused  a  chan 

if)  Ships  have  reported  changes  of  as  much  aa  7°  when  struck  by  hgh 
after  passing  through  very  severe  thunderstorms. 

The  binnacle  nttinga  must  be  carefiUly  inspected  from  time  to  time,  to  see  tiiat 
the  correctors  have  not  changed  position.  At  least  once  a  year  the  quadrantal 
correctors  should  be  examined  for  polarity.  This  can  be  done  by  moving  them, 
one  at  a  time,  as  close  to  the  compass  as  practicable  and  then  revolving  them  slowly 
about  the  vertical  axis;  if  the  compass  is  deflected,  the  magnetism  should  be  removed 
by  bringing  the  sphere  to  a  low  red  heat  and  then  letting  it  cool  slowly. 

Tf^e  X8  no  excuse  for  large  deviatwma  in  a  standard  or  steering  compass,  and  {hey 
shovid  not  he  allowed  to  exist. 
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nLOTDSFG. 


130.  PUoHng,  in  the  sense  ^ren  ibe  word  by  modem  and  pi^ular  usage,  is  ihe 
art  of  coDductine  a  vessel  in  channels  and  harbors  and  aloi^;  coasts,  where  lanomarkB 
and  aids  to  nav^atioa  are  available  for  fixing  the  position,  and  where  the  depth  of 
water  and  dangers  to  navigation  are  such  as  to  require  a  constant  watch  to  be  kept 
upon  the  vessel's  course  and  frequent  chaises  to  be  nuwle  themn. 

Piloting  is  tho  most  important  pai-t  of  navigation  and  the  part  requiring  the  moet 
experience  and  nicest  judgment,  ah  error  in  position  on  the  high  seas  may  be  rectified 
by  later  observation,  out  an  error  in  position  while  piloting  usiially  resulta  in  disaster. 
Inerefore  the  navigator  should  make  every  effort  to  be  proficient  in  this  important, 
branch,  bearing  in  mind  that  a  modem  vessel  is  usu^y  safe  on  the  high  seas  and  in 
danger  when  apjiroachmg  the  land  and  making  the  harbor. 

131.  BequtsUea. — The  navigator  should  have  ready  on  approaching  the  land 
the  charts  of  the  coast  and  the  largest  scale  detail  charts  of  the  locahty  at  which  he 
expects  to  make  his  landfall,  the  sailing  directions,  and  the  l^ht  and  buoy  list,  all 
corrected  for  the  latest  information  from  the  Notices  to  Mariners  and  other  sourcea. 
The  usual  instruments  employed  in  navigation  should  be  at  hand  and  in  good  working 

,  order.  The  most  important  instrument — the  sounding  machine — shouM  be  in  place 
and  in  order  at  least  a  day  before  the  land  is  to  be  made.  The  importance  of  ihe 
sounding  machine  can  not  he  exaggerated.  The  latest  deviation  table  for  the  staadard 
compass  must  be  at  hand. 

132.  Latino  thb  Coubse. — Mark  a  point  upon  the  chart  at  the  ship's  position; 
then  mark  another  point  for  which  it  is  desired  to  steer;  join  the  two  by  a  line  drawn 
with  the  parallel  ruler,  and,  maintaining  the  direction  of  the  line,  move  tho  ruler 
until  its  edge  passes  through  the  center  of  the  compass  rose  and  note  the  direction. 
If  the  compass  rose  indicates  Irue  directions,  this  will  be  the  true  course;  and  must  be 
corrected  for  variation  and  deviation  (by  appl}^ng  each  in  the  oppimte  direction 
te  its  name)  to  obtain  the  compass  course;  if  it  is  a  magnetic  rose,  the  course  need 
be  corrected  for  deviation  only. 

Before  putting  the  ship  on  any  course  a  careful  look  should  be  taken  along  the 
Une  over  which  it  leads  to  be  assured  that  it  clears  all  dai^ers. 

133.  Methods  of  Fixing  Position. — A  navigator  m  sight  of  objects  whose 
positions  are  shown  upon  the  chart  may  locate  his  vessel  by  any  one  of  the  following 
methods:  (a)  cross  bearings  of  two  known  objects;  (&)  the  bearing  and  distance  of  a 
known  object;  (c)  the  bearing  of  a  known  object  and  the  angle  between  two  known 
objects;'  (d)  two  bearings  of  a  known  object  separated  by  an  interval  of  time,  with 
the  run  during  that  interval;  (e)  sextant  angles  between  three  known  objects. 
Besides  the  foregoing  there  are  two  methods  by  which,  without  obtaining  the  precise 
position,  the  navigator  may  assure  himself  that  he  is  clear  of  any  particular  danger, 
llieseare:  (^  the  danger  angle;  (a)  the  danger  bearing. 

The  choice  of  the  method  will  be  governed  by  circumstances,  depending  upon 
which  is  best  adapted  to  prevailing  conditions. 

134.  Cross  Bbabinos  of  Two  Known  Objects. — Choose  two  objects  whose 
positioa  on  the  chart  can  be  unmistakably  identified  and  whose  respective  bearings 
from  the  ship  differ,  as  nearly  as  possible  by  90°;  observe  the  bearing  of  each,  either 
by  compass  or  pelorus,  taking  one  as  quickly  aa  possible  after  the  other;  see  that 
the  ship  is  on  an  even  keel  at  the  time  the  observatioa  is  made,  and,  if  usiiig  titie 
pelorus,  be  sure  also  that  she  heads  exactly  on  the  course  for  which  the  pelorus  is  set. 
Correct  the  bearings  so  that  they  will  be  either  true  ormagnetic,  according  as  they  are 
to  be  plotted  by  the  true  or  magnetic  compass  rose  of  the  chart; — that  is,  if  observed 
by  compass,  apply  deviation  and  variation  to  obtain  the  true  bearing,  or  deviation 
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only  to  obtain  the  magnetic;  if  obeerved  by  pelorna,  that  instroment  shotiM  be  set 
for  the  true  or  m^netic  heading,  according  as  one  or  the  other  sort  of  reading  ie 
required,  and  no  further  correction  will  be  necessary.  Draw  on  the  chart,  by  means 
of  the  parallel  rulers,  lines  which  shall  pass  through  iha  respective  objects  in  the 
direction  that  each  waa  observed  to  bear.  Aa  the  ship's  position  on  the  chart  is 
known  to  be  at  some  point  of  each  of  these  lines,  it  moat  be  at  their  intersectioQ,  the 
only  point  that  fulfills  both  conditions. 

m  figure  13,  if  A  and  B  are  the  objects  and  OA  and  OB  the  lines  passing  through 
them  in  the  oraerved  directions,  the  ship's  position  will  be  at  O,  their  intersection. 

The  plotting  of  a  position  from  two  hearings  is 
ereatly  faciUtat«l  by  the  use  of  a  plotter  devised  by  / 

Lieut.  R.  A.  Koch,  United  States  Navy,  sa  reference  to  fp^ 

the  compass  rose  on  the  chart,  the  use  of  parallel  rulers,  ^ 

and  the  drawing  of  lines  on  the  chart  are  obviated.  A 
brief  description  of  this  plotter  and  its  uses  is  as  follows: 
All  msteriiua  except  bolt  and  washers  are  transparent. 

A  square  (7  by  7  mches)  ruled  with  two  series  of  lines  l_C 

at  Tight  angles  about  one-half  inch  apart,  and  a  di^    "  '* 

-(7i  inchea  m  diameter)  marked  in  degrees  are  placed       / 
on   a  central  hollow  bolt  of  brass  and  are  capable  of 
being  clamped  together  with  any  degree  of  friction  re- 

auired.    Three  anna  are  placed  so  as  to  revolve  around  ■         x 

IB  same  hollow  bolt  and  can  be  clamped  together  in  (/"^ 

any  position.    In  order  to  plot  a  position  from  compass  i 

beanngs  of  two  objects,  and  lay  off  a  new  course,  the  fio.  la. 

zero  mark  of  the  disk  should  be  revolved  to  the  East 

or  West  of  the  true  North  and  South  line  of  the  square  by  an  amount  equal  to  the 
compass  error  in  degrees.  Two  of  the  arms  are  then  set  by  the  d^rees  on  the 
disk  to  the  two  observed  compass  bearings.  The  plotter  is  then  manipmated  on  the 
chart  until  the  two  arms  intersect  the  objects  observed  and  the  vertical  lines  on  the 
square  are  parallel  to  the  meridians  of  the  chart.  Mark  the  point  of  intersection  of 
the  arms  by  inserting  a  pencil  in  the  hollow  central  bolt.  An  arm  may  then  be  swung 
to  intersect  any  object  on  the  chart  and  the  compass  course  to  that  object  read  from 
the  disk.  This  plotter  can  also  be  used  to  obtain  the  error  of  the  compass  from 
bearings  of  three  objects  by  compass. 

135.  If  it  be  possible  to  avoid  it,  objects  should  not  be  selected  for  crosa 
bearings  which  subtend  an  angle  at  the  ship  of  less  than  30"  or  more  than  150°,  as, 
when  the  lines  of  bearing  approach  parallelism,  a  small  error  in  an  ohseired  bearing 
gives  a  large  error  in  the  result.  For  a  similar  reason  objects  near  the  ship  should  be 
taken  in  preference  to  those  at  a  distance. 

136.  When  a  third  object  is  available  a  bearing  of  that  may  be  taken  and  plotted. 
If  this  line  intersects  at  the  same  point  as  the  other  two  (as  the  bearing  OC  of  the 
object  C  in  the  figure),  the  navigator  may  have  a  reasonable  assurance  that  his  "fix" 
ia  correct;  if  it  does  not,  it  indicates  an  error  somewherej  and  it  may  have  arisen  from 
inaccurate  observation,  incorrect  determination  or  apphcation  of  the  deviation,  or  a 
fault  in  the  chart. 

137.  What  may  be  considered  as  a  form  of  this  method  can  be  used  when  only 
one  known  object  is  m  sight  bv  taking,  at  the  same  instant  as  the  bearing,  an  altitude 
of  the  sun  or  other  heavenly  oody  and  noting  the 
time;  work  out  the  sight  and  obtain  the  Sumner 
line  (as  explained  in  (Siapter  XV),  and  the  inter- 
section of  this  with  the  direction  line  from  the 
object  will  give  the  observer's  position  in  the  same  .0 
way  as  &om  two  terrestrial  bearings. 

138.  Beasino  and  Distahcb  op  a  Known 
Object. — ^Wben  only  one  object  ia  available,  the 
^p'a  position  may  be  found  by  observing  its  bear- 
ing and  distance.    Follow  the  preceding  method  in  p,q,  j^. 
Uie  manner  of  taking,  correcting,  and  plotting  the 

bearing;  then,  on  this  line,  lay  off  the  distance  from  the  object,  which  will  give  the 
point  occupied  by  the  observer.  In  figure  14,  if  A  represents  the  object  and  AC  ilie 
OMi^ig  and  distance,  the  position  sought  will  be  at  O. 


S8  ruxyrtso. 

"Fhe  stadimeter  is  an  instrumeait,  ramilitf  to  a  sextant,  Mnf^ved  in  the  Unitwl 
States  Navy,  reading  directly  the  distance  of  the  object  obserrea  when  set  for  the 
hai^t  of  ^Le  object. 

Range-finding  instrumente  are  used  in  the  United  States  Navy  for  readfly 
findingme  distance  of  an  observed  object,  and  these  iiiBtruineatB  do  not  require 
know^dge  of  the  height  of  the  object.  These  iuBtnimeoitB  are  accurate  for  navigai- 
tionat  purposes  up  to  ten  thousana  yards. 

139.  It  is  not  ordinarily  easy  to  find  directly  the  distance  of  an  object  at  sea. 
The  most  accurate  method  is  when  its  height  is  blown  and  it  subtends  a  fair-«ized 
angle  from  the  ship,  in  which  case  the  angle  may  be  measured  by  a  sextant  *  azid  the 
distance  computed  or  taken  from  a  table.  Table  33  of  this  work  gives  distances  up  . 
to  6  miles,  corresponding  to  various  heights  and  angles.  Captain  Lecky's  "Danger 
Angle  and  Offshore  Distance  Tables"  carries  the  computation  much  further,  "me 
use  of  this  method  at  great  distances  must  not  be  too  closelr  relied  upon^  as  small 
errors,  such  as  those  due  to  refraction,  may  throw  out  the  results  to  a  matenal  extent, 
bub  it  affords  an  excellent  approximation;  and,  as  this  method  of  fixing  positiDn  is 
employed  only  when  do  other  is  available,  the  best  possible  approximation  has  to 
aufoce. 

In  measuring  vertical  angles,  strictQees  requires  that  the  observation  should  be 
so  made  that  tiie  angle  at  the  foot  of  the  object  should  equal  90°  and  that  the  triangle 
be  a  right  biangle,  as  OMN,  figure  15,  where  the  tine  OM  is  truly  horizontal,  and  not 
as  in  we  trian^  O'MN,  where  the  condition  is  not  fulfilled.  'Iliis  error  is  inappre- 
ciable, however,  save  at  very  close  distances,  when  it  may  be  sufficiently  corrected  by 
gettii^  down  as  low  as  possible  on  board  the  vessel,  so  that  the  eye  is  near  the  water 
Bne.    One  condition  exists,  however,  where  the  error  is  material — that  shown  in 


figure  16,  where  the  visible  shore  line  is  at  M',  a  considerable  distance  from  M,  the 
point  vertically  below  the  eummit.  In  this  case  there  is  nothing  to  mark  M  in  the 
observer's  eye,  and  it  is  essential  that  all  angles  be  measured  from  a  point  dose 
down  to  the  water  line. 

If  a  choice  of  objects  can  be  made,  the  best  results  win  be  obtuned  by  observing 
that  one  which  subtends  the  greatest  angle,  as  small  errors  will  then  have  tiie  least 
effect. 

110.  There  is  another  method^  known  as  Buckner's  method,  for  determining 
the  distance  of  an  object,  which  is  available  imder  certain  circumstances.  This 
consists  in  observing,  from  a  position  aloft,  the  angle  between  the  object  and  the 
line  of  the  sea  horizon  beyond.  By  reference  to  Tame  34  will  be  found  the  distance 
in  yards  corresponding  to  different  angles  for  various  heights  of  the  observer  from 
20  to  120  feet.  The  method  is  not  accurate  beyond  moderate  distances  (the  table 
being  limited  to  5,000  yards)  and  ia  obviously  ordy  available  for  finding  the  distance 
of  an  isolated  object,  such  as  an  islet,  vessel,  or  target^  over  which  the  horizon  may 
be  seen.  In  employiiig  this  method  the  higher  the  position  occupied  by  the  observer 
the  more  precise  will  be  the  results. 

141.  In  observing  small  angles,  such  as  those  that  occur  in  the  methods  just 
described,  it  is  sometimes  convenient  to  measure  them  cm  aiid  off  the  limb  of  the 
sextant.  First  look  at  the  bottom  of  the  object  and  reSect  the  top  down  into  coin- 
cidence; then  look  through  the  transparentpart  of  the  horizon  glass  at  the'top  and 
bring  tne  bottom  up  by  its  refiected  ray.  The  mean  of  the  two  readings  will  be  the 
true  angle,  the  index  correction  havmg  been  eliminated  by  the  operation. 

142.  When  the  methods  of  finding  distance  by  a  vertical  or  a  horizon  angle  are 
not  available,  it  must  be  obtained  by  siich  means  as  exist.  Estimate  the  distance 
by  the  appearance;  take  a  sounding,  and  note  where  the  depth  falls  upon  the  line 
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of  bearing;  at  ni^t,  if  atmospheric  conditions  are  nonnal,  consider  that  the  distance 
of  a  li^t  when  sifted  is  et^ual  to  its  maximum  range  of  visibility,  remembering  that 
its  range  is  stated  for  a  h^ght  of  eye  of  15  feet;  or  employ  such  method  as  suggests 
itself  under  the  circumstai^es,  regarding  the  result,  however,  as  an  approximatimi 
only. 

143.  The  Bbabikg  of  a  Known  Objbct  jINd  thb  Anqlb  bitwbbn  Two 
Known  Objects. — This  method  is  seldom  employed,  as  the  conditions  always  permit 
of  cross  hearings  being  taken,  and  the  latter  is  generally  considered  preferable. 

Take  a  bearing  of  a  laiown  object  by  compass  or  pelorus  and  observe  the 
sextant  angle  between  some  two  known  objects.  The  line  of  bearing:  is  plotted  as  in 
former  methods.  In  case  one  of  the  objects  of  the  observed  angle  is  that  whose 
bearmg  is  taken,  the  angle  is  applied,  right  or  left  as  the  case  may  be,  to  the  bearing; 
thus  gi'V'ing  the  direction  of  the  second  object,  which  is  plotted,  from  the  compass 
rose  and  parallel  rulers.  If  the  object  whose  bearing  is  takea  is  not  one  of  the  objects 
of  the  an^e,  lay  off  the  angle  on  a  three-armed  protractor,  or  piece  of  tracing  paper, 
and  swing  it  (keeping  the  le^  or  lines  always  over  the  two  objects)  until  it  passes 
over  the  hne  of  bearing,  whiui  defines  the  position  of  the  ship;  there  will,  except  in 
apecial  cases,  be  two  points  of  intersection  of  the  line  with  the  . 

circle  thus  described,  and  the  navigator  must  know  his  position  X 

with  sufficient  closeness  to  judge  which  is  correct.  x 

144.  Two  Beahimos  op  a  Kkown  Object. — ^This  is  a  most 
useful  method,  which  is  frequently  employed,  certain  special 
cases  arising  thereunder  being  particularly  easy  of  application.      A      / 
The  process  is  to  take  a  careful  bearing  and  at  the  same  moment        | /' 
read  the  patent  log;  then,  after  runnmg  a  convenient  distance,        Y 
take  a  second  bearmg  and  again  read  Uie  tog,  the  difference  in  ^^i 
readings  giving  the  intervening  run;  when  running  at  a  known        l\ 
speedy  the  time  interval  will  a£o  afford  a  means  for  determining       J   ^\ 
the  distance  run.  "'       \ 

The  problem  ia  as  follows:  In  figure  17,  g^ven  OA,  the  direc- 
tion of  a  known  object.  A,  at  the  first  observation;  FA,  the 
direction  at  the  second  observation;  and  OP,  the  distance  trav-  \ 

ersed  between  the  two;  to  find  AF,  the  distance  at  the  second  \^ 

observation.  y„  „, 

Knowing  the  angle  PDA,  the  angular  distance  of  the  object 
from  right  ahead  at  the  first  bearing:  OFA,  the  angular  distance  from  right  astern 
at  the  second  bearing;  and  OF,  the  distance  run;  we  have  by  Flane  Trigonometry: 

FAO-180°-{FOA  +  OPA);  and 

AF-OF  X  rg?^. 

smFAO 

If,  as  is  frequently  the  case,  we  desire  to  know  the  distance  of  passing  abeam,  we 
have: 

AQ-APxsmOPA. 

Tables  5A  and  SB  give  solutions  for  this  problem,  the  former  for  intervals  of 
bearing  of  quarter  points,  the  latter  for  intervals  of  two  degrees.  The  first  column 
tA  eacb  of  these  tables  gives  the  value  of  AF,  the  distance  of  the  ship  from  the  observed 
object  at  the  time  of  taking  the  last  bearing,  for  values  of  OP  equal  to  unity;  thai 
ia,  for  a  run  between  bearings  of  1  mile.  The  second  column  gives  AQ,  the  distance  of 
the  object  when  it  bears  abeam,  likewise  for  a  value  of  OP  of  1  mile.  When  the  run 
between  bearings  is  other  than  1  mile,  the  number  taken  from  the  table  must  be  used 
as  a  multiplier  of  that  run  to  give  the  required  distance. 

Example:  A  vessel  steering  north  takes  a  bearing  of  a  light  NW.  i  W.;  then 
runs  4.3  miles,  when  the  bearing  is  found  to  be  WSW.  Required  the  distance  of  the 
li^U  at  the  time  of  the  second  bearing. 

Difference  between  couiBe  and  first  bearing,  4^  pis. 

Difference  between  couiBe  and  second  bearing,  10  pts. 

Multiplier  from  first  column^  Table  5A,  O.eS. 

4.3  mues  X  0. 88  -  3.S  miles,  distance  at  second  bearing. 
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Exahplb:  a  vessel  on  a  course  128°  takes  the  first  bearing  of  an  object  at 
154°,  and  the  second  at  182'*,  running  in  the  interval  0.8  mile.  Required  the  distance 
at  which  she  v^  pass  abeam. 

Difference  between  course  and  first  bearing,  26" 
Difference  between  course  and  second  beering,  54°. 
Multiplier  from  second  column.  Table  SB,  0.76. 
0. 8  mile  X  0.76  =  0.6  mile,  distance  of  pasemg  abeam. 
146.  As  has  b^m  said,  there  are  certain  special  cases  of  this  problem  where  it  is 
exceptionally  easy  of  apphcation;  these  arise  when  the  multiplier  is  equal  to  unity 
and  the  distance  run  is  therefore  equal  to  the  distance  from 
the  object.    When  the  angular  distance  on  the  bow  at  the 
second  bearing  is  twice  as  great  as  it  was  at  the  first  bearing, 
the  distance  of  the  object  from  the  ship  dt  second  hearing  is 
equal  to  the  run,  the  multiplier  being  1.0.    For  if,  in  figure  18, 
when  the  ship  is  in  the  first  position,  O,  the  object  A  bears  a* 
on  the  bow,  and  at  the  second  position,  P,  2(r°,  we  have  in  the 
triangle  APO,  observing  that  APO  - 180"  -  2a,  and  POA  -  a : 


PAO- 


180°- (POA  4- APO), 
180°-(a+180°-2a), 


0^  since  the  angles  at  O  and  A  are  equal  to  each  other,  the  sides 
OF  and  AP  are  equal  or  the  distance  at  second  bearing  is  equal 
to  the  run.    This  is  known  as  doubling  ike  angle  on  ths  how. 

146.  A  case  where  this  holds  good  is  lamili&r  to  every 
navigator  as  the  how  and  heam  hearing,  where  the  first  bearing 
is  taken  when  the  object  is  broad  on  the  bow  (four  points  or 
45°  from  ahead)  and  the  second  when  it  ia  abeam  (eight  points  or  90°  from  aJiead) : 
in  that  case  the  distance  at  second  bearing  and  the  distance  abeam  are  identical 
and  equal  to  the  run  between  bearings. 

147.  "When  the  first  bearing  is  26  J°  from  ahead,  and  the  second  45°,  the  distance 
at  uihich  the  object  vnU  he  wissm  abeam  will  equal  the  run  between  bearings.  This 
is  true  of  any  two  such  oearings  whose  natural  cotangents  differ  by  unity,  and 
the  following  table  is  a  collection  of  solutions  of  this  relation  in  which  the  paurs  of 
bearings  are  such  that,  when  observed  in  succession  from  ahead  upon  fhe  same  fixed 
object,  the  distance  run  between  the  bearings  will  be  equal  to  the  distance  of  the  fixed 
object  when  it  bears  abeam,  provided  that  a  steady  course  has  been  steered,  unaffected 
by  current  or  drift. 

The  marked  pairs  will  probably  be  found  the  most  convenient  ones  to  use,  as 
they  involve  whole  degrees  only. 


Ftrt. 

ataiai. 

Pint. 

SeoMuL 

Fbrt. 

SMnnd. 

71 

20 

m 

28 

48i 

37 

21 

31{ 

•29 

81 

3S 

74* 

•22 

34 

30 

63!- 

39 

76 

23 

36i 

31 

64 

•40 

79 

24 

38i 

•32 

59 

41 

SI 

•25 

41 

61 

42 

83J 
85 

26 

431 

34 

64 

43 

26) 

46 

36 

66 

•44 

88 

•27 

48 

38 

69 

•45 

90 

When  the  fixed  object  bears  asper  any  entry  of  the  first  column,  take  the  time 
and  the  reading  of  the  patent  log.  Repeat  this  procedure  on  reaching  the  bearing  of 
the  adjacent  entry  in  the  second  column.  The  difference  of  the  patent-log  reading 
will  be  the  distance  at  which  the  fixed  object  will  be  passed  abeam. 
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This  general  solution  includes  the  26^°-15°  rule  as  well  as  the  seren-tenthB  nile 
to  be  explained  later;  furthermore,  it  haa  the  advantage  that  the  approzimate 
determination  of  the  distance  o&hore,  at  which  the  fixed  object  will  be  passed, 
need  not  wait  for  the  45°  bearing.  There  ore  two  whole-degree  pairs  hj  which  such 
a  determination  can  be  made  before  the  45°  bearing  is  reachea.  It  is  possible  to 
get  five  whole-d^ree  bearings  or  obeervationa  by  the  time  the  fixed  object  bears  30° 
forward  of  the  beam,  as  follows:  22''-34°,  2S°-^1°,  27''-46'',  29''-51°,  32°-59''.  Of 
these,  the  last  three  should  be  reasonably  accurate;  the  ecuteneea  of  the  first  ui^e 
in  all  such  observations  accounts  for  the  discrepancies  noted  in  practice.  The  use 
of  the  table  pven  above  may  be  found  to  be  more  convenient  than  the  methods  of 
plotting  about  to  be  described,  and  the  use  of  tables  5A.  and  SB;  but  it  does  not  take 
the  place  of  those  methods.  Tables  5A  and  5B  cover  all  combinations  of  bearings  in 
whidi  the  first  bearing  is  taken  when  the  object  is  20°  or  more  on  the  bow. 

The  Sevm-UrUha  Bide.—U  bearings  of  the  fixed  object  be  taken  at  two  (2) 
and  four  (4)  points  on  the  bow  (22)'°  and  45°),  seven-tenths  (0.7)  of  the  run  between 
i>earings  will  be  the  distance  at  which  the  point  will  be  passed  abeam. 

From  the  combination  of  the  seven-tenths  rule  and  the  264^°-45°  rule,  there 
follows  an  interesting  corollary,  i.  e.,  if  bearings  of  an  object  at  22jt  and  26jt°  on  the 
bow  be  taken,  then  seven-thirds  H)  of  the  cGstance  run  in  the  interval  wul  be  the 
distance  when  abeam. 

If  a  bearing  is  taken  when  an  object  is  two  points  (22J°)  forward  of  the  beam 
and  the  run  untu  it  beaiB  abeam  is  measured,  then  its  distance  when  abeam  is  seven- 
thirds  (^)  of  the  run.     This  rule,  particularly,  is  only  approximate. 

In  case  the  45°  bearing  on  the  bow  is  lost,  in  order  to  find  the  distance  abeam 
that  the  object  is  passed,  note  the  time  when  the  object  bears  26)°  forward  of  the 
beam,  and  a^ain  when  it  has  the  same  bearing  abaft  the  beam;  the  distance  run  in 
this  interval  is  Uie  distance  of  the  object  when  it  was  abeam. 

To  steer  an  arc  course  in  order  to  roimd  a  light,  point,  or  other  object  without 
fixes  and  be  sure  the  course  itself  does  not  decrease  the  initial  distance:  Provided 
there  is  no  current,  stand  on  course  until  the  light  is  at  the  rec|uired  distance,  deter- 
mined by  one  or  more  of  the  methods  descnbed.  Immediatelv  bring  the  light 
abeam,  and  do  not  let  it  get  forward  of  the  beam  again,  then  the  course  will  not 
decrease  the  initial  distance.  When  the  light  is  onerhalf  point  abaft  the  beam 
again  bring  it  abeam;  hold  course  until  it  is  again 
one-h^  point  abaft  the  beam,  repeating  this  ^o- 
cedure  until  the  light  is  rounded.  A  polygon  is  thus 
circomscribed  about  the  circle,  the  nearest  approach 
to  the  light  being  the  radius  of  the  inscribed  circle. 
T^e  number  of  sides  of  the  polygon  may  be  in- 
creased indefinitely,  so  that  the  light  may  be  rounded, 
by  changing  the  course  just  enou^  to  keep  the  light 
abeam,  after  it  is  first  brought  abeam. 

148.  There  is  a  graphic  method  of  solving  this 
problem  that  is  consicfered  by  some  more  convenient 
than  the  use  of  multipiiers.  Draw  upon  the  chart 
the  lines  OA  and  FA  (fig.  19),  passing  through  the 
object  on  the  two  observed  beanngs;  set  the  dividers 
to  the  distance  run,  OP;  lay  down  the  parallel  rulers 
in  a  direction  parallel  to  the  course  and  move  them 
toward  or  away  from  the  observed  object  until  some 
point  is  found  where  the  distance  between  the  lines 
of  bearing  is  exactly  equal  to  the  distance  between  ^^^  ,^ 
the  points  of  the  dividers;  in  the  figure  this  occurs 

when  the  rulers  lie  along  the  line  OP,  and  therefore  O  represents  the  jwsition  of 
the  ship  at  the  first  bearing  and  F  at  the  second.  For  any  other  positions  O'P', 
0"P",  the  condition  is  not  fulfilled. 

149.  Another  graphic  solution  is  given  by  the  Mooring  and  Maneuvering  Board 
and  the  various  mooificationa  of  it  thatare  in  use  among  navigators. 

150.  The  method  of  obtaining  position  by  two  bearings  of  the  same  object  is 
one  of  groat  value,  by  reason  of  the  fact  that  it  is  frequently  necessaiy  to  locate  the 
ship  when  Uiere  is  but  one  landmark  in  sight.    Careful  navigators  seldom,  if  ever, 


miss  the  opportanity  for  a  bow  and  beam  bearing  in  pasalng  a  lighthouse  or  other 
welUplotted  object;  it  tnvolvee  little  or  no  trouble^  and  always  gives  a  feeling  of 
added  security,  however  little  the  position  may  be  in  doubt.  If  about  to  pass  an 
object  abreast  of  which  there  is  a  danger — a  familiar  example  of  which  is  when  a 
lignthouse  marks  a  point  off  which  are  rocks  or  shoals — a  good  aaeurance  of  clearance 
should  be  obtained  before  bringing  it  abeam,  either  bv  doubling  the  ai^le  on  Uw 
bow,  or,  if  the  object  be  sighted  in  tmie,  by  using  any  of  the  pairs  wbearings  tabulated 
under  article  147. 

151.  It  must  be  remembered  ihat,  however  convenient,  the  fix  obtained  by 
two  bearings  of  the  same  object  will  be  in  error  unless  the  course  and  distance  are 
correctly  estimated^  the  course  "made  good"  and  the  distance  "over  the  ground" 
being  req^uired.  Difficulty  will  occur  in  estimating  the  exact  course  when  tiiere  is 
bad  steermg,  a  cross  current,  or  when  a  ship  is  making  leeway;  errors  in  tbe  allowed 
run  will  arise  when  she  is  being  set  ahead  or  back  by  a  cmrent  or  when  the  logging 
ia  inaccurate.  A  current  directly  with  the  course  of  the  ship,  if  unallowed  for,  wiU 
give  a  determination  of  position  too  close  to  the  object  observed;  and  a  currenf 
directly  against  the  course  of  the  ship,  if  unallowed  for,  will  give  a  determination  of 
position  too  far  away  from  the  object  observed.  The  existence  of  such  a  current 
mU  not  he  revealed  by  taking  more  than  two  successive  bearings.  All  such  observa^ 
tions  will  place  the  snip  on  the  same  apparent  course,  which  course  will  be  parallel 
to  ihe  course  made  good  and  to  the  course  steered  but  in  error  in  its  distance  from 
the  observed  object  by  an  amount  dependent  upon  the  ratio  of  the  speed  of  ship 
over  ground  to  tbe  spe^d  of  ship  bj  log.  A  current  oblique  to  the  course  of  the  ship 
will  give  a  determination  of  position  which  will  be  erroneous.  The  existence  of 
auch  a  current  but  not  its  amount  wiU  he  revealed  by  taking  more  than  two  observa^ 
tions;  in  this  case,  following  the  usual  method  ot  plotting,  the  determination  resulting 
from  any  two  successive  bearings  will  fail  to  agree  with  the  determination  from  any 
other  two.  If,  in  such  a  case,  the  observed  bearings  be  drawn  upon  the  chart  and 
the  distances  run  by  log  between  them  be  laid  down  on  the  scale  oT  the  chart  upon  a 
piece  of  paper,  a  course  may  be  found  by  trial,  upon  which  course  the  intervals  of 
run  correspond  with  the  intervals  between  the  lines  of  bearing.  The  apparent  course 
thus  determined,  which  must  always  be  oblique  to  the  course  steered,  will  be  parallel 
to  the  course  actually  being  made  good,  but  will  be  in  error  in  iia  distance  from  the 
observed  object  by  an  amount  dependent  upon  the  ratio  of  the  speed  of  ship  over 
the  ground  to  the  speed  of  ship  by  log.  If  there  is  an  apparant  shortening  of  the 
distance  run  from  earlier  to  later  observations,  or  a  shortening  of  the  time  if  the 
speed  is  invariable,  there  is  a  component  of  set  toward  the  fixed  object.  Therefore, 
if  in  a  current  of  any  sort,  due  allowance  must  be  made,  and  it  should  be  remembered 
tbat  more  dependence  can  be  placed  upon  a  position  fixed  by  simultaneous  bearings 
or  angles,  when  two  or  more  objects  are  available,  than  by  two  bearings  of  a  sin^e 
object. 

152.  Sextant  Anolbs  between  Thrbb  Known  Objbcfs. — This  methodj 
involving  the  solution  of  the  tkree-poini  problem,  will,  if  the  objects  be  well  choeen.'-s. 
give  the  most  accurate  results  of  any.     It  is  largely  employed  in  surveying,  because     ' 
of  its  precision;  and  it  is  especially  valuable  in  navigation,  because  it  is  not  subject 

to  errors  arising  from  imperfect  Imowledge  of  the  compass  error,  improper  loggmg, 
or  the  efifects  of  current,  as  aro  the  methods  previously  described. 

Three  objects  represented  on  the  chart  are  selected  and  the  angles  measured 
with  sextants  of  known  index  error  between  the  center  one  and  each  of  the  others. 
Preferably  there  should  be  two  observers  and  the  two  angles  be  taken  simultaneously, 
but  one  observer  may  first  take  the  angle  which  is  changing  more  slowly,  then  take 
the  other,  then  repeat  the  first  angle,  and  consider  the  mean  of  the  first  and  last 
observations  as  the  value  of  the  first  angle.  The  position  is  usually  plott«d  by 
means  of  the  three-armed  protractor,  or  station-pointer  {see  art.  428,  Chap.  XVII). 
Set  the  right  and  left  angles  on  the  instrument,  and  then  move  it  over  the  chart 
until  the  three  beveled  edges  pass  respectively  and  simultaneously  through  the 
three  objects.  The  center  of  the  instrument  will  then  mark  the  ship's  position,  which 
may  be  pricked  on  the  chart  or  marked  with  a  pencil  point  through  the  center  hole. 
When  the  three-armed  protractor  ia  not  at  hand,  the  tracing-paper  protractor  will 
prove  an  excellent  substitute,  and  may  in  some  cases  be  pr^erable  to  it,  aa,  for 
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M,  when  the  objecta  angled  on  are  eo  near  the  observer  aa  to  be  hidden  by 

the  ciicle  of  the  instrument.  A  graduated  circle  piinted  upon  tracing  paper  peimita 
the  angles  being  readily  laid  off,  out  a  ^ain  piece  of  tracing  paper  may  oe  used  and 
the  uigles  marked  by  means  <n  a  small  protractor.  The  trocmg-paper  protractor 
pennitfi  the  laying  down,  for  simultaneous  trial,  of  a  number  of  augfee,  where  special 
accuracy  is  sought. 

153.  The  three-point  problem,  by  which  results  are  obtained  in  this  method, 
is:  To  find  a  point  such  that  three  lines  drawn  from  this  point  to  three  given  points 
shall  make  given  angles  with  each  other. 

Ijet  A,  B,  and  C,  in  figure  20,  be  three  fixed  objects  on  shore,  and  from  the 
ship,  at  D,  suppose  ^e  angles  CDB  and  ADB  are  found  equal,  respectively,  to  40° 
and  60". 

With  the  complement  of  CDB,  50°,  draw  the  lines  BE  and  CE;  the  point  of 
intersection  will  be  the  center  of  a  circle,  (m  some  point  of  whose  circumference  the 
ship  must  be.  Then,  with  the  complement  of  the  angle  ADB,  30°,  draw  the  Unes 
AF  and  BF,  meeting  at  F,  which  pomt  will  be  the  center  of  another  circle,  on  some 
pomt  of  whose  circumference  the  ship  must  be.  Then  D,  the  point  of  intersection 
of  the  circumference  of  the  two  circles,  wiU  be  the  position  of  the  ship. 

The  correctness  of  this  solution  may  be  seen  as  follows:  Take  the  fiist  circle, 
DBC;  in  the  triangle  EBC,  the  angle  at  E,  the  center,  equals  180°-2X60°- 
2  (90°— £0°),  twice  the  complement  of  50°,  which  is  twice  the  observed  angle;  now 
if  the  angle  at  the  center  subtended  by  the  chord  BC  equals  twice  the  obeieDrved 
angle,  then  the  angle  at  any  point  on  the  cir- 
cumference subtended  by  that  chord,  which 
equals  half  the  angle  at  the  center,  equals  the 
oEeerved  angle:  so  the  required  condition  is 
fulfiHed.  Should  either  of  the  angles  exceed 
90°,  the  excess  of  the  angle  over  90°  must  be 
Wd  off  on  the  opposite  side  of  the  lines  joining 
the  stations. 

It  may  be  seen  that  the  intersection  of 
the  circles  becomes  less  sharp  as  the  centers 
E  and  F  approach  each  other;  and  finally  that 
the  problem  becomes  indeterminate  when  the 
eentets  coincide,  that  is,  when  the  three 
observed  points  and  the  observer's  position  all 
fall  upon  the  same  circle;  the  two  circles  are 
then  identical  and  there  is  no  intersection;  such  a  case  is  called  a  "revolver,"  because 
the  protractor  will  revolve  around  the  whole  circle,  everywhere  passing  through  the 
observed  points.  The  avoidance  of  the  revolver  and  the  employmeot  of  lai^e  angles 
and  short  distances  form  the  keys  to  the  selection  of  favorable  objects. 

Generally  speakingj  the  olwerver,  in  judging  which  objecta  are  the  beet  to  be 
taken,  can  picture  in  His  eye  the  circle  passing  through  the  three  points  and  note 
whether  it  comes  near  to  his  own  position.  If  It  does,  he  must  reject  one  or  more 
of  the  objects  for  another  or  otheis.  It  should  be  remembered  that  he  must  avoid 
not  onlv  the  condition  where  the  circle  passes  exactly  throi^  his  position  (when 
the  problem  is  wholly  indeterminate),  but  also  all  conaitions  approximating  thereto, 
for  in  such  cases  the  circles  will  intersect  at  a  very  acute  angle,  and  the  mevitable 
smaD  errors  of  the  observation  and  plotting  will  produce  laige  errors  in  the  result- 
ing fix. 

Without  giving  an  anat;^sis  of  reasons,  which  may  be  found  in  various  worita 
that  treat  the  problem  in  detail,  the  following  may  l>e  enumerated  as  the  general 
conditions  which  result  in  naood  fix: 

_  (a)  When  the  center  object  of  the  three  lies  between  the  observer  and  a  line 
joining  the  other  two,  or  Ees  nearer  than  either  of  the  otiier  two. 

(S)  When  the  sum  of  the  right  and  left  angles  is  equal  to  or  greater  than  180^. 

(<)  When  two  of  the  objects  are  in  range,  or  nearly  so,  and  the  angle  to  the  third 
it  not  less  than  30°. 

(<I)  When  the  three  objecta  are  in  the  saine  straight  line. 
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A  condition  that  Umita  all  of  these  ia  that  aogles  should  be  laige — at  least  as 
laige  as  30° — excepting  in  die  case  where  two  objects  are  in  range  or  neariy  so,  and 
tiien  the  other  angle  must  be  of  good  size.  When  pfeaiblo,  near  objects  should  be 
used  rather  than  distant  ones.  The  navigator  should  not  fall  into  the  error  of 
assuming  that  objects  which  would  give  good  cuta  for  a  cross  beuing  are  necessarily 
favorabfe  for  the  three-point  solution. 

In  a  revolver,  the  angle  formed  by  Unee  drawn  from  the  center  object  to  the 
other  two,  added  to  the  sum  of  the  two  observed  an^es,  equals  180**.  A  knowledge 
of  this  fact  may  ud  in  the  choice  of  objects. 

If  in  doubt  aa  to  the  accuracy  witn  wliich  the  angles  will  plot,  a  third  angle  to 
a  fourth  object  may  be  taken.  Another  way  to  make  sure  of  a  doubtful  fix  is  to 
take  one  compaas  bearing,  by  means  of  which  even 
a  revolver  may  be  made  to  give  a  good  position. 

154.  ThbDanqebAnqlk. — When  sailing  along 
a  coast,  to  avoid  sunken  rocks,  or  shoals,  or  danger- 
ous obstructions  at  or  below  the  surface  of  the  water, 
and  which  are  marked  on  the  chart,  the  navigator 
may  pass  these  at  any  desired  distance  by  using  what 
is  linown  as  a  danger  angle,  of  which  there  are  two 
kinds,  namely,  the  horizontal  and  vertical  danger 
angles;  the  former  requires  two  well-marked  objects 
indicated  on  the  chart,  lying  in  the  direction  of  the 
coast,  and  sufficiently  distant  from  each  other  to 
give  a  fair-sized  horizontal  angle ;  the  latter  requires 
a  well-charted  object  of  known  height. 

155.  In  figure  21,  let  AMB  be  a  portion  of  the 
coast  along  which  a  vessel  ia  sailing  on  the  course 
CD;  A  and  Btwo  prominent  objects  shown  on  the 

F10.JI.  chart;  S  and  S'  are  two  outlyii^  shoals,  reefs,  or 

dangers.  In  order  to  pass  outoide  of  the  danger  S' 
take  the  middle  point  of  the  danger  as  a  center  and  the  given  distance  from  the 
center  it  is  desired  to  pass  as  radius,  and  describe  a  circle.  Fa^  a  circle  through 
A  and  B  tangent  to  the  aeaward  side  of  the  first  circle.  To  do  this,  it  is  only  neces- 
sary to  join  A  and  B  and  draw  a  line  perpendicular  to  the  middle  of  AB,  and  then 
ascertain  by  trial  the  location  of  the  center  of  the  circle  EAB.  Measure  the  angle 
AEB.  set  the  sextant  to  this  angle,  and  remembering  that  AB  subtends  the  same  angle 
at  all  points  of  the  are  AEB,  the  ship  wiU  be  outside  the  arc  AEB,  and  clear  uie 
flanger  S',  as  long  aa  AB  does  not  subtend  an  angle  greater  than  AEB,  to  which  the 
sextant  is  set.  At  the  same  time  in 
order  to  avoid  the  danger  S,  take  the 
middle  point  of  the  danger  S  and  with 
the  desired  distance  as  a  radius  de- 
scribe a  circle.  Pass  a  second  circle 
through  A  and  B  tangent  to  this  cirde 
at  G,  measure  the  angle  AGB  with  a 
protractor,  then,  as  long  as  the  chord 
AB  subtends  an  angle  greater  than 
AGE,  the  ship  will  l^  inside  the  cir- 
cle AGB.  Therefore,  the  ship  will  pass 
between  the  dangeiB  S  and  S'  as  long 
aa  the  angle  subtended  by  AB  is  less 
than  AEB  and  greater  than  AGB. 
\  156.  The  vertical  danger  angle 

^     no.  23:  involves  the  same  general  prmciple,  as 

can  be  readily  seen  without  explana- 
tion by  reference  to  the  figure  22  in  which  AB  represents  a  vertical  object  of  known 
height. 

157.  The  Danoeb  Bbabing. — This  is  a  method  by- which  the  navigator  is  warned 
by  a  compass  bearing  when  the  course  is  leading  into  danger.  Suppose  a  vessel  to 
be  steering  a  course,  as  indicated  in  figure  23,  along  a  coast  which  must  not  be 
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approached  within  a  certain  diatanco,  the  landmark  A  being  a  guide.  Let  the  naTigator 
draw  through  A  the  line  XA,  clear  of  the  danger  at  all  points,  and  note  its  direction 
by  the  compasa  roee;  then  let  frequent  bearings  be  taken  as  the  ship  proceeds,  and 
so  long  as  the  beuings,  YA,  ZA,  aie  to  the  rigM  of  XA  he  maj  be  assured  that  he  is 
on  the  left  or  safe  ed(U  of  the  line. 

If,  aa  in  the  case  given,  there  is  but  one  object  in  sight  and  that  nearly  ahead,  it 
would  be  very  difficult  to  get  an  exact  poBitioD,  but  this  method  would  always  show 
whether  or  not  the  ebip  was  on  a  good  course,  and  would,  in  consequence,  be  of 
the  greatest  value.  And  even  if  there  were  other  objects  visible  by  which  to  get 
an  accurate  £z  it  would  be  a  more  simple  matter  to  note,  by  an  occasional  ^ance 
over  the  sightvaue  of  the  pelorus  or  compass,  that  tne 
ship  was  making  good  a  safe  course  than  to  be  put  to  the 
necessitr  of  plottmg  the  position  each  time. 

158.  It  will  occasionally  occur  that  two  natural  objects 
will  so  lie  that  when  in  range  they  mark  a  danger  bearing; 
advantage  should  be  taken  of  all  such,  as  they  are  easier  to 
observe  than  a  compass  bearing;  but  if  in  a  locaUty  with 
wluch  the  navigator  nas  not  had  previous  acquaintance  the 
compass  bearing  of  all  ranges  ahould  be  observed  and  com- 
pared with  that  indicated  on  the  chart  in  order  to  make  sure 
of  the  identity  of  the  objects.  The  utiUty  of  ranges,  either 
artificial  or  natural,  as  guides  in  navigation,  extends  abo  to 
eetabUshed  lines  of  bearms  giving  the  true  or  maguetic  direc- 
tion of  fixed  objects,  each  as  hues  of  bearing  Umiting  the 
sectors  of  navigational  h^ts.  / 

159.  Soundings.— The  practice  should  be  followed  of  T' 
employing  one  or  two  leadsmen  to  take  and  report  soundings 
continuously  while  in  shoal  water  or  in  the  vicinity  of  dangers. 
Ilie  soundings  must  not  be  r^arded  as  fixing  a  position,  but  they  afford  a  check 
upon  the  positions  obtained  by  other  methods.  An  exact  agreement  with  the 
soundings  on  the  chart  need  not  be  expected,  as  there  may  be  some  Httle  inaccu- 
raaes  in  reporting  the  depth  on  a  ship  moving  with  speed  through  the  water,  or 
the  tide  may  cause  a  discrepancy,  or  the  chart  itself  may  la;ck  perfection;  but  the 
soundings  should  agree  in  a  general  way,  and  a  marked  diaparture  from  the  charac- 
teristic bottom  shown  on  the  chart  should  lead  the  navigator  to  ver^y  his  position 
and  proceed  with  caution;  especially  is  this  true  if  the  water  is  more  shoal  than 
expected. 

160.  But  if  the  soundings  in  shallow  water  when  landmu'ks  are  in  sight 
serve  merely  as  an  auxiliary  guide,  those  taken  (usually  with  the  patent  soundmg 
machine  or  deep-sea  lead)  when  there  exist  no  other  means  of  locatmg  the  position, 
fulfill  a  much  more  important  purpose.  In  thick  weather,  when  approaching  or 
running  dose  to  the  land,  and  at  all  times  when  the  vessel  is  mless  than  100  fathoms 
of  water  and  her  position  is  in  doubt,  soundings  should  be  taken  continuously  and 
at  regular  intervals,  and,  with  the  character  of  the  bottom,  systematically  recorded. 
By  laying  the  soundings  on  tracing  paper,  along  a  line  which  represents  the  track  of 
the  ship  according  to  the  scale  of  the  chart,  and  then  moving  the  paper  over  the 
chart,  Keeping  the  various  courses  paraQel  to  the  correspontung  directions  on  the 
chart,  untu  the  observed  soundings  agree  with  those  laid  down,  the  ship's  position 
wiH  in  general  be  ijuite  well  determined.  While  some  localities,  by  the  sharpness 
of  the  characteristics  of  their  soundings,  lend  themselves  better  than  others  to 
accurate  determinations  by  this  method,  there  are  few  places  where  the  mariner 
can  not  at  least  keep  out  of  danger  hy  the  indications,  even  if  they  tell  him  no  more 
than  that  the  time  has  come  when  he  must  anchor  or  he  off  till  conditions  are  more 
favorable. 

161.  LiOHTfl. — Before  coming  within  range  of  a  lis^t  the  navigator  should 
acquaint  himself  with  its  characteristics,  so  that  when  sighted  it  will  be  recognized. 
Ihe  (Jiarte,  sailing  directitms,  and  light  lists  give  information  as  to  the  color,  character, 
and  range  of  viabilitT  of  the  various  lights.  Core  ahould  be  taken  to  note  aU  of 
tbeee  and  compare  tnem  when  the  light  is  seea.    If  Uie  li^t  is  of  the  flashing. 
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teTolTin^,  or  mtermittent  variety  the  duration  of  ita  periods  should  be  noted  to 
identify  it.  If  a  fixed  light,  a  method  that  may  be  employed  to  make  sure  that  it  is 
Dot&Tessel'slightis  to  descend  several  feet  inunediatety  after  sightingit  and  observe 
if  it  disappears  from  view ;  a  navi^tional  light  will  usually  do  so,  excepting  in  misty 
weather,  while  a  vessel's  light  will  not.  The  reason  for  this  is  that  navigational  Ug^ts 
are  as  a  rule  sufficiently  powerful  to  be  seen  at  the  farthest  point  to  which  the  re-y 
can  reach  without  being  mtemipted  by  the  earth's  curvature.  They  are  therefore 
seen  at  the  fitBb  moment  that  the  ray  reaches  an  observer  on  a  ship's  deck,  and  are 
cut  off  if  he  loweis  the  eye.  A  vessel's  light,  on  the  other  hand,  is  usualfy  limited 
by  its  intensity  and  does  not  carry  beyond  a  distance  within  whidi  it  is  visible  «t 
all  heights. 

Care  must  be  taken  to  avoid  being  deceived  on  first  u^ting  a  light,  as  tJhere  are 
various  errors  into  which  the  iuexpenenced  may  fall.  The  glare  of  a  powerful  light 
is  often  seen  beyond  the  distance  of  visibiUty  of  its  direct  rays  by  the  reflection 
downward  from  particles  of  mist  in  the  air;  the  same  mist  may  also  cause  a  white 
lipht  to  have  a  distinctly  reddish  tinge,  or  it  may  obscure  a  light  except  within  short 
distances.  When  a  light  is  picked  up  at  the  extreme  limit  at  which  the  height  ot 
the  observer  will  permit,  a  fixed  light  may  appear  flashing,  as  it  is  seen  when  the 
ship  is  on  the  crest  of  a  wave,  and  ^t  when  in  the  hollow. 

Many  lights  are  made  to  show  different  colors  in  different  sectors  within  their 
range,  and  by  consulting  his  chart  or  books,  the  navigator  may  be  guided  by  the 
color  of  the  sector  in  which  he  finds  himself:  in  such  lights  one  color  is  generally 
used  on  bearings  whence  the  approach  is  clear,  and  another  covers  areas  idiere 
dangers  are  to  be  encountered. 

The  visibihty  of  lights  is  usually  stated  for  an  assumed  height  of  the  obeerver'a 
^e  of  15  feet,  and  must  be  modified  accordingly  for  any  other  height.  But  it  should 
be  remembered  that  atmoepherio  and  other  coniutions  considerably  affect  thevisibility, 
and  it  must  not  be  positively  assumed,  on  sighting  a  light,  even  in  perfectly  clear 
weather,  that  a  vessel's  distance  is  equal  to  the  range  of  visibihty*  it  may  be  either 
greater  or  less,  as  the  jiath  of  a  ray  of  light  near  the  horizon  receives  extfaordinazy 
d^ecUoa  under  certam  circumstances;  the  conditions  governing  this  deSecUon  are 
discussed  in  article  296,  Chapter  X. 

162.  Buors. — While  buoys  are  valuable  uds,  the  mariner  should  always  employ' 
a  certain  amount  of  caution  in  being  guided  by  them.  In  the  nature  of  things  it  n 
never  possible  to  be  certain  of  finding  buoys  in  correct  position,  or,  indeed,  of  nnding 
them  at  all.  Heavy  seas,  strong  currents,  ice,  or  collisions  with  passing  vessels  may 
drag  them  from  their  places  or  cause  them  to  disappear  entirely,  and  they  are  especially 
uncertain  in  unfrequented  waters^r  those  of  nations  that  do  not  keep  a  good  lookout 
upon  their  aids  to  navigatioD,  When,  therefore,  a  buoy  maHts  a  place  where  a  ship 
must  be  navigated  with  caution,  it  is  well  to  have  a  danger  angle  or  bearing  as  an 
additional  guide  instead  of  placang  too  much  dependence  upon  the  buoy  being  in 
place. 

I^erent  nationa  adopt  different  systems  of  coloring  for  their  buoys  ^  an 
important  feature  of  many  such  sjstems,  including  those  adopted  by  the  Umted 
States  and  various  oiher  great  mantime  nations  (though  not  all),  consists  in  placing 
red  buoys  to  be  left  on  the  starboard  hand  of  a  vessel  entering  a  harbor  or  fairway, 
and  black  buoys  on  the  port  band.  In  these  various  systems  the  color  and  character 
of  the  buoys  are  such  as  to  denote  the  special  purpose  for  which  thoy  nro  employed. 

163.  Fogs  Ain>  Foo  Signals. — As  with  lights,  the  navigator  should,  in  a  fog, 
acquaint  himself  with  the  characteristics  of  the  various  sound  signals  which  he  is 
likely  to  pick  up,  and  when  one  is  heard,  its  periods  should  be  timed  and  compared 
with  those  given  in  the  hght  lists  to  insure  its  proper  identity. 

Experiment  has  demonstrated  that  sound  is  conveyed  through  the  atmosphere 
in  a  very  imcertnin  way;  that  its  intensity  is  not  always  increased  as  its  origin  is 
approached,  and  that  areas  within  its  range  at  one  time,  will  seem  silent  at  another. 
Add  to  these  facts  the  possibility  that,  for  some  cause,  the  signal  may  not  be  working 
as  it  should  be,  and  we  have  reason  for  observing  the  rule  to  proceed  with  the  ntxaost 
caution  when  running  near  the  land  in  a  fog. 

Although  the  transmission  of  sound  through  water  from  the  submarine  bells 
that  have  been  installed  on  many  light  vessels  and  at  points  of  danger  is  much  more 
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certain  than  the  transmission  of  sound  through  air  and  can  be  received  in  such  a 
way  by  vessels  equipped  with  submei^ed  microphones  on  each  side  as  to  enable  the 
direction  of  the  submarine  bell  to  be  approxiniately  determined,  yet  the  lo&d  continues 
to  prove  an  ever-serviceable  guide,  and  should  accordingly  bo  in  constant  use. 

'  The  method  of  plotting  soundinea  described  in  article  160  will  ^ve  the  most 
reliable  position  that  is  obtainable.  Moreover,  the  lead  will  warn  the  navigator  of 
the  approach  to  shallow  water,  when,  if  his  position  is  at  all  in  doubt, 'it  is  wisest  to 
to  anchor  before  it  becomes  too  late. 

When  running  slowly  in  a  fog  (which  caution,  as  well  as  the  law,  requires  that 
(me  should  do)  it  must  be  borne  in  mind  that  the  relative  effect  of  ctirrent  is  mcreased ; 
for  instance,  the  angle  of  deflection  from  the  course  caused  by  a  cross-aet  is  greater  at 
low  than  at  high  speed. 

It  is  worth  remembering  that  when  in  the  viciolty  of  a  bold  bluff  shore  vessels 
are  sometimes  warned  of  a  too  close  approach  by  having  their  own  fog  signals  echoed 
back  from  the  cliffsj  indeed,  from  a  Knowledge  of  the  velocity  of  sound  (art.  314, 
Chap.  XI)  it  is  possible  to  gain  some  rough  idea  of  the  distance  in  such  a  case. 

When  radio-stations,  equipped  with  fog-signaUng  apparatus,  send  out  simul- 
taneous radio  and  sound  signals,  distances  from  the  sending  station  can  be  found 
by  noting  the  elapsed  interval  between  the  time  of  arrival  of  radio  signal  and  sound 
simial,  and  multiplying  this  interval  expressed  in  seconds  by  the  velocity  per  second 
of  sound- in  air,  or  the  velocity  per  second  of  sound  in  water,  according  as  the 
sound  siguals  are  received  through  air  or  through  water. 

By  thus  detorminiiig  the  distance  from  a  fog-signal  station  to  different  positions 
between  which  the  courae  and  distance  are  known,  the  position  of  the  vessel  could 
be  apprcoimatelv  found  in  a  manner  analogous  to  that  which  would  apply  in  f^re  18 
if  the  distances  AO  and  AP  were  known  in  addition  to  the  length  and  direction  of  OP. 

164.  TiDBS  AND  CuKEBNTfl.— The  information  relating  to  the  tides  given  on 
the  chart  and  in  other  publications  should  be  studied,  as  it  is  of  importance  for  the 
uavieator  to  know  not  only  the  height  of  the  tide  above  the  plane  of  reference  of 
the  diart,  but  also  the  direction  and  force  of  tim  tidal  current. 

The  plane  of  reference  adopted  for  soundings  varies  with  different  tdiarts; 
on  a  large  number  it  is  that  of  mean  low  water,  and  as  no  plane  of  reference  above  that 
of  mean  low  water  is  ever  employed  the  navigator  may  with  safety  refer  his  sound- 
ings to  that  level  when  in  doubt. 

When  traversing  waters  in  which  the  depth  exceeds  the  vessel's  draft  by  but  a 
small  margin,  account  must  be  taken  of  the  fact  that  strong  winds  or  a  high  barom- 
eter may  cause  the  water  to  fall  below  even  a  very  low  plane  of  reference.  On  coasts 
i^ere  taere  is  much  diumal  ine<iuality  in  the  tides,  the  amount  of  rise  and  feSl  can 
not  be  depended  upon^  and  addition^  caution  is  necessary. 

A  careful  distmction  should  be  made  between  the  vertical  me  and  fall  of  the 
tide,  which  is  marked  at  the  transition  periods  by  a  stationary  hei^t,  or  stand,  and 
the  tidal  current,  which  is  the  horizontal  transfer  of  water  as  a  resuR  of  the  difference 
of  level,  producing  the  Jlood  arid  ebb,  and  the  intermediate  condition,  or  dock.  It 
eddom  occurs  that  the  turn  of  the  tidal  stream  is  exactly  coincident  with  the  high  ' 
and  low  water,  and  in  some  channels  the  current  may  outlast  the  vertical  movement 
whidi  produces  it  by  as  much  as  three  hours,  the  effect  being  iiiat  when  the  water 
is  at  a  stand  the  tidal  stream  is  at  its  maximum,  and  when  the  current  is  slack  the 
rise  or  fall  is  going  on  with  its  greatest  rapidity.  Care  must  be  taken  to  avoid  con- 
founding the  two. 

The  effect  of  the  tidal  wave  in  causing  currents  may  be  illustrated  by  two  simple 
cases: 

(1)  Where  there  is  a  small  tidal  basin  connected  with  the  sea  by  a  laive  opening. 

(2)  Where  there  is  a  large  tidal  basin  connected  wiUi  the  sea  by  a  small  opening. 
In  the  6rst  case  the  velocity  of  the  current  in  the  opening  will  have  its  maximum 


value  when  the  hei^t  of  the  tide  within  is  changing  most  rapidly,  i.  e.,  at  a  time 
about  midway  between  hi^  and  low  water.  The  water  in  the  basin  keeps  at  approxi- 
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mateiy  the  same  level  asthe  water  outside.    The  flood  stream  corresponds  with  the 
rising  and  the  ebb  with  the  falling  of  the  tide. 

In  the  second  case  the  velocity  of  the  current  in  the  opening  will  have  its  maxi- 
mum value  when  it  is  high  water  or  low  water  without,  for  then  tbere  is  U19  greatest 


head  of  water  for  producing  motion.  The  flood  stream  b^ins  about  three  hours 
after  low  water,  and  the  ebb  stream  about  three  hours  after  high  water,  sUck  water 
thus  occurring  about  midway  between  the  tides. 

Along  most  shores  which  lack  features  like  bays  and  tidal  rivera,  the  current 
usuEdlr  turns  soon  after  high  water  and  low  water. 

Tilxe  swiftest  current  in  straight  portions  of  tidal  rivers  is  usually  in  the  tniddle 
of  the  stream,  but  in  curved  portions  the  most  rapid  current  is  toward  the  outer 
edge  of  the  curve,  and  here  the  water  will  be  deepest.  The  pilot  rule  for  best  water 
is  to  follow  the  ebb-tide  reaches. 

Countercurrents  and  eddies  may  occur  near  the  the  shores  of  straits,  especially  ta 
bights  and  near  points.  A  knowledge  of  them  ia  useful  in  order  that  they  may  be 
taken  advantage  of  or  avoided. 

A  swift  current  often  occurs  in  the  narrow  passage  connecting  two  large  bodies 
of  water,  owing  to  their  considerable  difference  of  level  at  the  same  instant,  llie 
several  passages  between  Vineyard  Sound  and  Buzzards  Bay  are  casee  in  point.  In 
the  Woods  Hole  Passage  the  maximum  strength  of  the  tidal  streams  occurs  near 
high  and  low  water. 

Tide  rips  are  made  by  a  rapid  current  setting  over  an  irregular  bottom,  as  at 
the  edges  of  banks  where  the  change  of  depth  is  considerable. 

Generally  speaking,  the  rise  and  fall  and  strength  of  current  are  at  their  mini- 
mum along  straight  stretches  of  coast  upon  the  open  ocean,  while  bays,  bights,  inlets, 
and  large  rivers  operate  to  augment  the  tidal  effects,  and  it  is  in  the  vicinity  of  these 
that  one  finds  the  highest  tides  and  strongest  currents.  The  navigator  need  there- 
fore not  be  surprised  in  cruising  along  a  coast  to  notice  that  his  veesel  is  set  more 
strongly  toward  or  from  the  shore  in  passing  an  indentation,  and  that  the  evidences 
of  tide  will  appear  more  marked  as  he  nears  its  mouth.  Usually  more  complete  data 
are  furnished  m  charts  and  tide  tables  regarding  the  rise  and  fall,  and  it  frequently 
occurs  that  the  infonnation  regarding  the  tidal  current  is  comparatively  meager;  the 
mariner  must  therefore  take  every  means  to  ascertain  for  himself  the  direction  and 
force  of  the  tidal  and  other  currents*  either  from  the  set  shown  between  successive 
well-located  positions  of  the  ship,  or  by  noting  the  riiH>le  of  the  water  around  buoys, 
islets,  or  shoals,  the  direction  in  whidt  vessels  at  anchor  are  riding,  and  the  various 
other  visible  effects  of  the  current. 

Current  arrows  on  the  chart  must  not  be  regarded  as  indicating  absolutely  the 
conditions  that  are  to  be  encountered.  They  represent  the  mean  of  the  direction 
and  force  observed,  but  the  observations  upon  which  they  are  based  may  not  be 
complete,  or  there  may  be  reasons  that  bring  about  a  departure  from  the  normal 
state, 

165.  Chabts. — ^The  chart  should  be  carefully  studied,  and  among  other  thin^ 
all  of  its  notes  should  be  read,  as  valuable  information  may  be  given  m  the  margm 
whicji  it  is  not  practicable  to  place  upon  the  chart  abreast  the  localitv  affected. 

The  mariner  will  do  well  to  consider  the  source  of  his  chart  ana  the  authority 
upon  which  it  is  based.  He  will  naturally  feel  the  greatest  confidence  in  a  chart 
issued  by  the  Government  of  one  of  the  more  important  maritime  nations  which 
maintains  a  well-equipped  office  for  the  especial  purpose  of  acquiring  and  treating 
hydrographic  information.  He  should  note  the  character  of  the  survey  from  whidi  the 
chart  has  been  constructed;  and,  finally,  he  should  be  especially  careful  that  the 
chart  is  of  recent  issue  or  bears  correction  of  a  recent  date — facts  that  should  always 
be  clearly  shown  upon  its  face. 

It  is  well  to  proceed  with  caution  when  the  chart  of  the  locality  is  based  upon 
an  old  survey,  or  one  whose  source  does  not  carry  with  it  the  preeumptiou  of  accu- 
racy. Even  if  the  original  survey  was  a  good  one,  a  sandy  bottom,  in  a  r^ion 
where  the  currents  are  strong  or  the  seas  heavy,  is  liable  to  undergo  in  time  manced 
dianges;  and  where  the  deptn  is  affected  by  the  deposit  or  removal  of  silt,  as  in  the 
vicinity  of  the  estuaries  of  lat^e  river  systems,  the  behavior  is  sometimes  most  capri- 
cious, l^rge  blank  spaces  on  the  chart,  where  no  soundings  are  shown,  may  be 
taken  as  an  indication  that  no  soundings  were  made,  and  are  to  be  regarded  with 
suspicion,  especially  if  the  region  abounds  in  reefs  or  pinnacle  rocks,  in  which  case 
only  the  closest  sort  of  a  survey  can  be  considered  as  revealing  all  the  dangers.  AU 
of  th^e  facts  must  be  dtUy  weighed. 
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When  navigatiiif  br^landinarks  the  chart  of  the  locality  which  is  on  the  largest 
scale  should  be  iiBeoT  The  hydrography  and  topography  m  such  charts  appear  in 
greater  detail,  and — a  most  important  consideration — bearings  and  an^es  may  be 
jotted  with  increased  accutacy. 

To  sum  np,  the  na-vigator  must  know  the  exact  draft  of  the  ship  when 
■miroachiDg  the  land.  He  most  make  himself  familiar  with  every  detail  of  the 
charts  he  mil  be  required  bo  use  and  must  read  the  charts  in  such  a  way  as  to  be 
able  to  form  a  mental  picture  of  how  the  land  and  the  various  aids  to  navigation 
will  look  when  sifted,  remembering  that  the  position  of  the  sun  at  different  times 
of  day,  or  the  position  of  the  moon  at  night,  aSects  the  appearance  of  the  land  as 

E resented  to  the  navigator  approaching  from  seaward.  He  must  be  thoroughly 
imiliftr  with  the  day,  ni^t,  and  fog  characteristics  of  all  aids  to  navigation  in  ttte 
locality.  He  most  Imow  the  state  of  the  tide  and  the  force  and  dirMtion  of  the 
corrent  at  all  times  when  in  pilot  waters.  The  navigator,  in  makine  his  plan  for 
entering  a  strange  port,  should  give  very  careful  previous  study  to  uie  chart,  and 
should  carefnlly  select  what  appear  to  be  the  most  suitable  marks  for  use.  also  pro- 
viding himself  with  substitutes  for  use  in  case  those  selected  as  most  suitable  ^ould 
j^ove  unreliable  by  not  being  recmnized  with  absolnte  certainty.  It  must  be 
remembered  that  buoys  seen  at  a  distance,  in  approaching  a  channel,  are  often 
difficult  to  place  or  identify,  because  all  may  appear  equally  distant,  though  in 
reality  far  apart.  Bangee  should  be  noted,  if  possible,  and  t^e  Vaies  arawn,l>oth 
for  leading  through  the  best  water  in  channels  and  also  for  guarding  against  pai^ 
ticnlar  dat^ers.  For  the  latter  purpose,  safety  bearings  shoum  in  all  cases  be  laid 
down  where  no  suitable  ranges  oner.  Tne  courses  to  be  steered  in  entering  should 
also  be  laid  down  and  dietaiices  marked  thereon.  If  intending  to  use  the  sextant 
and  dai^er  anc^e  in  passing  dangers,  and  especially  in  passing  between  dangers, 
the  danger  circ^  shoold  be  plott^  and  regular  courses  planned,  rather  than  to  run 
haphazud  by  the  indications  of  the  angle  alone,  with  the  possible  trouble  to  be 
^prehended  from  wild  steering  at  critictu  pointe. 

The  ship's  position  should  not  be  allowed  to  be  in  doubt  at  any  time,  even  in 
entering  ports  considered  safe  and  easy  of  access,  and  should  be  constantly  (jiecked 
by  contmuing  to  use  for  tbn  purpose  those  marks  concerning  which  there  can  be 
no  doubt  untjl  others  are  unmistakably  recognized. 

The  ship  should  ordinarily  steer  exact  courses  and  follow  exact  lines  as  planned 
from  the  chart,  changing  course  at  exact  points,  and,  where  Uie  distances  are  con- 
siderable, her  ]>osition  on  the  line  should  be  checked  at  frequent  intervals,  recor(jing 
the  time  and  the  reading  of  the  patent  log.  This  is  desirable,  even  where  it  may 
seem  unnecessary  for  saiety;  because,  if  nmning  by  the  eye  alone  and  the  ship^ 
exact  position  be  suddenlv  required,  as  in  a  sudden  squall,  ixdng  at  that  particular 
moment  might  be  impossiole. 

The  habit  of  running  exact  courses  with  precise  changes  of  courses  will  be  found 
most  useful  when  it  is  desired  to  enter  port  or  pass  throu^  inclosed  waters  during 
f>%  by  means  of  the  buoys;  here  safety  demands  that  the  buoys  be  made  succe^ively, 
to  do  which  requires,  if  the  fog  be  dense,  very  accurate  courses  and  careful  attention 
to  the  times,  rate  of  speed,  and  the  set  of  the  current.  Failure  to  make  a  buoy  as 
expected  leaves  no  safe  alternative  but  to  anchor  at  once. 

It  is  a  useful  point  to  remember  that  in  passing  between  dangers  where  there 
are  no  suitable  leading  marls,  as,  for  instance,  between  two  islands  or  an  island  and 
Uie  main  shore,  with  dangers  extending  from  both,  a  mid-channel  course  may  be 
steered  by  the  eye  alone  with  great  accuracy,  as  the  eye  is  able  to  estimate  very  closely 
the  position  midway  between  visible  objects. 

In  piloting  among  coral  reefs  or  banks,  a  time  should  be  chosen  when  the  sun 
will  be  astern,  conning  the  vessel  from  aloft  or  from  an  elevated  position  forward. 
The  line  of  demarcation  between  the  deep  water  and  the  edges  of  the  shoals,  which 
generallyshow  as  green  patches,  is  indicated  with  surprisiDgjSeamees.  This  method 
B  of  frequent  ^pfication  in  the  numerous  passages  of  the  Florida  keys. 

Changes  ot  course  should  in  general  be  made  by  exact  amounts,  naming  the  new 
course  or  the  amomit  of  the  change  desired,  rather  than  by  ordering  the  helm  to  be 
pnt  over  and^  then  steadying  when  on  the  desired  heading,  with  the  possibility  <^  the 
attention  being  diverted  and  so  foi^tting  la  the  meantime  that  the  ship  is  still 
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swingiug.  The  helmsman,  knowing  just  what  is  desired  and  the  amoont  of  change 
to  be  made,  is  thus  enabled  to  act  more  intelligeotlT  and  to  avoid  wild  steering, 
which  in  narrow  channels  is  a  very  positive  source  of  aanger. 

Coast  piloting  involves  the  same  principles  and  Teqiil^  that  the  ship's  positions 
be  continuously  determined  or  checked  as  the  laodmarits  are  passed.  Chi  well- 
surveyed  coasts  there  is  a  great  advantage  in  keeping  near  the  tand,  thus  holdii^ 
on  to  the  marks  and  the  soundings^  and  thereby  tmowing  at  all  times  the  position, 
rather  than  keeping  offshore  and  losing  the  marks,  with  the  necessity  of  again  wnaking 
the  land  from  vague  positions,  and  perhaps  the  added  inconvenience  of  fog  or  bad 
weather,  involving  a  serious  loss  of  tune  and  fuel. 

The  route  should  be  planned  for  normal  conditions  of  weather  with  suitable 
variations  where  necessary  in  case  of  fog  or  bad  weather  or  making  points  at  ni^t, 
the  courses  and  distances,  in  case  of  regular  runs  over  the  same  route,  being  ant^w 
in  a  notebook  for  readv  reference,  as  well  as  laid  down  on  the  chart.  T&  danger 
circles  for  either  the  horizontal  or  the  vertical  danger  angles  should  be  plotted, 
wherever  the  method  can  be  usefully  employed,  and  the  an^ee  marked  therecm; 
many  a  mile  may  thus  be  saved  in  roundmg  dangerous  points,  with  no  sacrifice  in 
safety.  Ranges  should  also  be  marked  in,  where  useful  Tor  positions  or  for  safety, 
and  also  to  use  in  checking  the  deviation  of  the  compass  by  comparing,  in  crossing, 
the  compass  bearing  of  the  range  with  its  magnetic  bearing,  as  given  by  the  chart. 

Changes  of  course  will  in  general  be  made  with  mark  or  object  abeam,  the  posi- 
tion (a  new  "departure")  being  then,  as  a  rule,  best  and  most  easily  obtauied. 

In  making  the  land  in  a  fog  the  aoundii^  machine  must  be  kept  going  at  intervab 
of  half  an  hour  some  hours  before  it  is  expected  that  soundings  can  De  obtuned. 
Several  soundings  taken  at  random  will  not  locate  a  ship,  but  on  the  contrary  may 
lead  to  disaster.  In  using  the  sounding  machine  be  careful  that  the  man  handling 
the  tube  does  not  invert  the  tube  when  taking  it  from  the  tube  case,  as  this  would 
allow  water  to  nm  toward  the  closed  end  of  the  tube,  causing  a  discoloration  of  the 
coating  and  thus  bring  about  an  incorrect  sounding.  It  is  also  essential  that  the 
lead  be  cleanly  and  f  resnly  armed  for  each  cast.  The  bottom  having  been  picked  up, 
a  graphic  record  of  the  soundings  may  be  lud  down  in  the  manner  previously  described 
in  paragraph  160  and  an  approximation  made  of  the  position  ol  the  ship.  Keep  » 
sharp  lookout  for  any  landmarks  that  might  show  up  during  a  momentary  mtmg 
of  the  fog  and  have  keen  ears  listening  for  an  aerial  or  submarine  fog  signal.  Having 
picked  up  any  such  signal,  make  sure  to  ascertain  ezactJy  what  Iwdmark  it  is. 
Fropi  now  on  proceed  with  caution  and  determine  whether  it  is  better  to  anchor  ot 
to  proceed  through  the  harbor  channel  in  the  fog.  If,  having  approached  the  land 
and  failed  t«  hear  fog  signals  at  the  time  they  were  expected  to  oe  heard  and  the 
soundings  indicate  a  dangerous  proximity  to  snore,  the  only  safe  course  is  either  to 
anchor  or  to  stand  off.  When  running  slowly  in  a  fog  (which  cautdon,  as  well  as 
the  law,  requires  that  one  should  do)  it  must  be  "borne  in  mind  that  the  relative  effect 
of  current  is  increased;  for  instance,  the  angle  of  deflection  from  the  course  caused 
by  a  cross  set  is  greater  at  low  than  at  high  speed.  It  is  worth  remembering  that 
when  in  the  vicinity  of  a  bold  bluff  shore  vessels  are  sometimes  warned  of  a  too-close 
approach  by  having  their  own  fog  signals  echoed  back  from  the  cliffs;  indeed,  from 
a  knowledge  of  the  velocity  of  sound  it  is  possible  to  ^ain  some  rough  idea  of  the 
distance  in  such  a  case.  Great  caution  must  be  used  in  approaching  a  bold  coast 
in  a  fog  and,  unless  soundings  can  be  eot  that  will  reasonably  assure  the  navigaUo* 
of  his  distance  from  the  coast,  the  onfy  safe  course  is  to  stand  off,  if  the  depth  of 
the  water  does  not  permit  of  anchoring. 

The  best  aids  at  the  disposal  of  the  navigator  when  running  in  a  fog  are  the 
sounding  machine  and  the  hand  lead,  and  the  navigator  wiH  do  well  to  make  great 
use  of  them.  Even  in  clear  weather  the  sounding  machine  may  be  a  great  aid  to  the 
navigator  in  verifying  his  position. 

In  approaching  tiie  land  and  entering  harbors,  the  navigator  must  bear  in  nund 
that  rules  of  the  road  in  inland  waters  sometimes  diflfer  from  those  used  on  the  high 
sea,  and  should  inform  himself  of  the  boundaries  of  the  waters  where  different  ruua 
of  the  road  obtun. 

166.  RsooSDS. — It  will  be  fotmd  a  profitable  practice  to  pay  careful  attention 
to  the  recording  of  the  various  matter  relating  to  the  piloting  of  the  ship.    A  notebook 
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^ould  be  kept  at  huid  on  deck  or  on  tiie  bridge,  in  which  are  to  be  entered  all  bearings 
or  angles  taken  to  fix  the  position,  all  changes  of  course,  important  soundings,  and 
any  oljier  facts  bearing  upon  the  navigation.  (This  book  should  be  different  from 
the  one  in  which  aatronomical  sights  and  offshore  navigation  are  worked.)  The 
entries,  though  in  memorandum  form,  should  be  complete;  it  should  be  clear  whether 
bearings  and  coiu'ses  are  true,  magnetic,  or  by  compass;  and  it  is  especially  important 
that  the  time  and  patent  log  reading  should  be  given  for  each  item  recorded.  The 
value  of  this  book  will  make  itself  apparent  in  various  directions  j  it  will  afford 
accurate  data  for  the  writing  of  the  ship  s  log ;  it  will  furnish  interesting  information 
for  the  next  run  over  the  same  ground ;  it  will  provide  a  means  by  which,  if  the  ship 
be  shut  in  hv  fog,  rain,  or  darkness,  or  if  there  be  difficulty  in  recognizing  landmarl^ 
ahead,  the  last  accurate  fix  can  be  plotted  and  brought  forward;  and,  finally,  if 
there  should  be  a  mishap,  the  notebook  would  furnish  evidence  as  to  where  the 
trouble  has  been. 

The  chart  on  which  the  work  is  done  should  also  be  made  an  intelli^ble  record, 
and  to  this  end  the  pencil  marks  and  lines  should  not  be  needlessly  numerous,  heavy, 
or,  long.  In  plotting  bearings,  draw  lines  only  long  enough  to  cover  the  probable 
pomtion.  Mark  intersections  or  positions  by  drawing  a  small  circle  around  them, 
and  writing  neatly  abreast  them  the  time  and  patent  1(^  reading.  Indicate  the 
courses  and  danger  bearings  by  full  lines  and  mark  them  appropriately,  preferably 
^ving  both  magnetic  (or  true)  and  compass  directions.  A  great  number  of  lines 
extending  in  every  direction  may  lead  to  confusion;  however  remote  the  chance 
may  seem,  the  responsibilities  of  piloting  are  too  serious  to  run  even  a  small  risk. 

Finally,  on  anchoring,  record  and  plot  the  position  by  bearings  or  angles  taken 
after  coming  to ;  observe  that  the  berth  is  a  safe  one,  or,  if  in  doubt,  send  a  boat  to 
sound  in  the  vicinity  of  the  ship  to  make  sure. 
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CHAPTER  V. 
TEE  SAnJKOB. 


167.  In  oonsideriiig  a  ship's  position  at  sea  with  reference  to  any  other  place, 
either  one  that  has  been  left  or  one  toward  which  the  vessel  is  bound,  five  terms  are 
involved — the  Course,  the  Distance,  the  Vifftrenee  of  LaHtudt,  the  Difference  of 
Longitude,  and  the  Departure.'  The  solutions  of  the  various  problems  that  arise 
from  the  mutual  relation  of  these  quantities  are  called  Sailings. 

168.  Kinds  or  Sailikqb. — ^When  the  only  quantities  involved  are  the  couise, 
distance,  differeace  of  latitude,  and  departure,  the  process  is  denominated  Plane 
8a3ifia.  la  this  method  the  earth  is  r^arded  as  a  plane,  and  the  operation  procee<fa 
•8  if  the  veasd  sailed  always  on  a  perfectly  level  surrace.  When  two  or  more  couises 
are  thus  considered,  they  are  combined  by  the  method  of  Traverse  SaiJing.  It  is 
evid^t  that  the  number  of  mUee  of  latitude  and  departure  can  thus  be  readily 
deduced;  but,  while  one  mile  always  equals  one  minute  in  difference  of  latitude,  one 
mile  of  departure  corresponds  to  a  difference  of  longitude  that  will  vary  wiUi  the 
latitude  in  irtiidi  the  veesd  is  sailing.  Plane  sailing  therefore  furnishes  no  solution 
where  difference  of  longitude  is  considered,  and  for  sudi  solution  resort  mast  be  had 
to  one  of  several  methods,  which,  by  reason  of  their  taking  account  of  the  spherical 
figure  of  the  earth,  are  called  Spherical  SailiTigs. 

When  a  vessel  sails  on  an  east  or  west  course  along  a  parallel  of  latitude,  th* 
method  of  converting  departure  into  difference  of  lon^tude  is  called  Parallel  Sading. 
When  the  course  is  not  east  or  west,  and  thus  carries  the  vessel  through  various 
latitudes,  the  converaion  may  be  made  either  by  Middle  Latitude  SaiHng,  in  which 
it  is  assumed  that  the  whole  run  has  been  made  m  the  mean  latitude,  or  by  Mereator 
Sailing,  in  which  the  principle  involved  in  the  constnictitm 
T*    of  the  Mereator  chart  (art.  39,  Chap.  II]  is  utilized. 

Great  Circle  Sailing  deals  with  the  courses  and  distances 
between  any  two  points  when  the  track  followed  is  a  great 
circle  of  the  terrestrial  sphere.  A  modification  of  this  method 
which  is  adopted  under  certain  circumstances  is  called  Cam- 
poaUe  Sailing. 

FLAKX  BAIUNO. 

169>  In  Plane  Sailing,  the  curvature  of  the  earth  being 
neglected,  the  relation  between  the  elements  of  the  rhumb 
track  joining  any  two  points  may  be  considered  from  the 
plane  right  triangle  formed  by  the  meridian  of  the  place  left, 
the  parallel  of  the  place  arrived  at,  and  the  rhumb  line.  In 
figure  24,  T  is  the  point  of  departure;  T',  the  point  of  destination*  Tn,  the  meridian 
of  departure;  T'n,  the  parallel  of  destination ;  and  IT',  the  rhumb  line  between  the 
points.  Let  C  represent  the  course,  T'Tn;  Dist.,  the  distance,  IT';  DL,  the  dif- 
ference of  latitude,  Tn;  and  Dep.,  the  departure,  T'n.  Tben  from  the  triangle 
TT'n,  we  have  the  following: 


•  Ftr  the  daOnltkn  of  Chc«e  tsniu,  na  utlcke  S,  ChflpUr  I. 
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From  these  equations  are  derived  the  following  fonnulte  for  working  the  various 
proUems  that  may  arise  in  Plane  Sailing: 


Coune  mmI  distance... 


Ooime  and  d«putiira. . 


DiitHice  and  dupartore . 


rDitference  of  Utitude . 
iDeparture. 

|OouiM 

ilHstucfl 

'Dirtance 

Deputura 

'Distance.. 

[DUhrence  of  Utitude . 

Oourae 

Departure , 

Conree 

L  Diffraence  of  latitude. 


DlBt. 

-DLtu 


Pep. 
"nnC' 


Pep. 
~MnO' 


Dep. 
Diet. 

Dep.  -•Distsii 
D  L    —Dist.  CO 


IxigtanC- 
LogDist< 


LogDiBt.- 
Log  Dep.  ' 


Log  Dist- 
LogDL  > 


LogcoaO- 

LogDep.- 


LognnC- 
iG.    LogDL  • 


■log  Dep. -log  DL. 
■log  Dep.— log  rin  0. 

.log  DL -log  cos  C. 
-log  D  L  +log  tan  C. 

'log  Dep. -log  rin  0. 
•log  Dep. -log  tan  G. 

■log  D  L  -log  DisL 
•log  Diet.+log  sill  0. 

-log  Dep.-log  Dist. 
■log  Dist. -flog  cos  C. 


170.  The  solution  of  the  plane  ri^t  triangle  may  be  accomplished  either  by 
Plane  T^igonometryj  by  TVaverse  Tables,  or  by  construction.  If  the  former  method 
is  adoptedj  tiie  loeanthims  of  numbers  may  be  found  in  Table  42,  and  of  the  functions 
of  angles  in  Tabk  44.  A  more_  expeditious  method  is  available,  however,  in  the 
Traverae  Tables,  which  give  by  inspection  the  various  solutions.  Table  1  contains 
values  of  the  various  parts  for  each  unit  of  Dist.  from  1  to  300,  and  for  each  quar- 
ter-point (2°  49'),  of  C;  Table  2  contains  values  for  each  unit  of  Diat.  from  1  to 
600,  and  for  each  degree  of  C.  The  metiiod  of  solving  by  construction  conosts  in 
laying  down  the  various  given  terms  by  scale  upon  a  chart  or  pliun  paper,  and 
measuring  thereon  the  terms  required. 

171.  Of  the  various  problems  that  may  arise,  the  first  two  given  in  the  foregoing 
table  are  of  much  the  most  frequent  occurrence.  In  the  first,  the  given  quantities 
are  course  and  distance,  and  those  to  be  found  are  difference  of  latitude  and  departure; 
this  is  the  case  where  a  navigator,  knowing  the  distance  run  on  a  given  course,  desires 
to  ascertain  the  amount  made  good  to  north  or  south  and  to  east  or  west.  In  the 
second  case  the  conditions  are  reversed*  this  arises  where  the  course  and  distance 
between  two  points  are  to  be  obtained  from  their  known  difference  of  latitude  and 
departure. 

'BxAitFi.M:  AahipsulsSW.  by  W.,  244  miles.  Required  the  difference  of  Utitude  and  the  departure 
made  good. 


C        66"  ly 

DL  13&6 
DM.  244 
C        66' ly 

Dep.     202.9 


In  Tftble  1,  find  the  course  8W.  by  W.  (5  points);  it 
occurs  at  the  bottom  of  the  page,  therefore  take  the  names 
of  the  columns  from  the  bottom  as  well;  opposit«  244  in 
the  Dist.  column  will  be  seen  Lat.  135.0  and  Dep.  202.9. 
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SxAVTLi:  AHhipMil«N.  B'E.,  ISSmilea.    B«quired  the diffBfvnce  trf  btitude  aad  (Im  depwtnra. 


In  Table  2,  find  the  coune  5°;  it  occnn  at  Uie  tin>  ol  ths 
p^e,  thwefore  take  the  namea  <rf  the  columna  bfoa  tb» 
top;  opposite  188  in  the  Diet  colnma  will  be  seen  IM. 
187.3  and  Dep.  16.4. 


ISB 

1<« 
log  CM 

Z2T416 
9.B9B34 

1B7.3 
188 

loe        2.27250 
log        2. 27413 
log  Bin  a  94030 

By  Computation. 
203       log 


C      (N.)6e''ll'(W.) 

Dep.  203 

C  66'  11' 

Dist.  244.3 


log        2.13354 
log  tan  017396 


found  abreast  each  other  in  the  columiu  marked 
respectively  IaI  and  Dep.  This  occurs  moat  newly 
at  the  coune  for  5  points,  the  angle  being  taken 


therefore  NW.  by  W.  Interpolating  for  interme- 
diate valuee,  the  correeponoing  number  in  the 
Dist.  column  is  about  244.3. 


By  Comfutation. 
171       log 


log        2.38739 
log  tan  9. 84561 


Bn  IrupKtion. 

Enter  Table  2  aad  tbe  nearest  agreement  will  be 

found  on  course  (S.)  36"  (E.),  the  api»i»mate  namea 

being  lonnd  at  the  top  of  the  page.    The  nearest 

correapoikding  Dist.  is  398  mites. 


36"  02' 
297.  B 


2.474(B 
TSAVBBSB  BAIZJNa. 


172 .  A  Traverse  is  an  irregular  track  made  hy  a  ship  ia  sailing  on  soTeral  di£fM«nt 
courses,  and  the  method  of  Traverse  Sailing  consists  in  finding  the  difFerence  of 
latitude  and  departure  corresponding  to  several  courses  and  distances  and  reducing 
all  to  a  single  equivalent  course  and  distance.  This  is  done  by  determining  the 
distance  to  north  or  south  and  to  east  or  west  made  good  on  each  course,  taking  the 
algebraic  sum  of  these  various  differences  of  latitude  and  departure  and  finding  tho 
course  and  distance  corresponding  hereto.  The  work  can  be  most  erpeditioualy 
performed  by  adopting  a  tabular  lorm  for  the  computation  and  using  the  traverse 
tables. 


Coonet. 

nut. 

N. 

S. 

E. 

W. 

BSE. 

SE. 

W.  byS. 

WNW. 
B.byB. 

S.  by  W. 

16 
34 
16 
39 
40 

14.9 

13.9 
24.0 
3.1 

39.2 

6.7 
24.0 

7.8 

16.7 
36.0 

66.8 

14.9 

80.2 
14.9 

37.6 

•51.7 
37.8 

66.3 

"" 

Tbe  result  of  the  various  couises  is,  therefore,  to  carry  the 
lee  from  her  original  position. 


.1  S.  by  W.,  66.8 
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1T3.  ThuH  far  the  earth  has  been  r^ardftd  as  an  extended  plane,  sad  its  spherical 
fieure  has  not  been  taken  into  account;  it  has  thus  been  impossible  to  consider  one 
of  the  important  tenns  involved — namely,  difference  of  longitude.  Parallel  Sailing 
is  the  simplest  of  the  various  forms  of  Spherical  Sailing,  being 
the  method  of  mterconverting  departure  and  difference  oi 
loneitude  when  the  ship  sails  upon  an  east  or  west  course, 
and  therefore  remains  always  on  the  same  parallel  of  latitude. 

In  figure  25,  T  and  T'  are  two  places  in  the  same  latitude; 
P,  the  adjacent  pole;  Tt',  the  arc  of  the  parallEd  of  latitude 
through  the  two  places;  MM',  the  correepondii^  arc  of  the 
equator  intercepted  between  their  meridians  FM  and  PM'; 
and  TT',  the  departure  on  the  parallel  whose  latitude  is 
TCM=OtC,  and  whose  radius  is  OT. 

Let  D.Lo  ry>re6ent  the  arc  of  the  equator  MM',  which  is 
the  measure  of  MPM',  the  difference  of  longitude  of  the  me- 
ridians PM  and  PM';  B,  the  equatorial  radius  of  the  earth, 
CM  =  CT;  r,  the  radius  OT  of  the  parallel  TT';  and  L,  the  latitude  of  that  parallel. 

Then,  since  TT'  and  MM'  are  similar  arcs  of  two  circles,  and  are  therefore 
proportional  to  the  radii  of  the  circles,  we  have: 

TT'     OT         Pep,      r 

inr"cM'  *'^'15X5"e: 

prom  the  triangle  COT,  r— R  cos  L;  hence 
Pep.     RcosL 
0X5"      R     ' 

Thus  the  relations  are  expressed  between  mimUts  of  longitude  and  mile$  of 
departure. 

174.  Two  cases  arise  under  Parallel  Sailing;  First,  where  the  difference  of 
longitude  between  two  placee  on  the  same  parallel  is  given,  to  find  the  departure; 
ana,  second,  where  the  departure  is  given,  to  find  the  difference  of  longitude. 

In  working  these  prooiems,  the  computation  can  be  made  by  logarithms;  but 
the  traverse  tables  may  more  conveniently  be  employed.  Kemembermg  that  those 
tables  are  based  upon  the  fonnuUe, 

DL-Dist.  COB  C,  and  Dist.-PL  sec  C, 
we  may  substitute  for  the  column  marked  Lat.  the  departure,  for  that  marked  Dist. 
the  difference  of  longitude,  and  for  the  coursea  at  top  and  bottom  of  the  page  the 
latitude.    The  tables  then  heoome  available  for  making  the  required  conversions. 


or,  DXo— Dep.  seo.  L;  or,Tpep.  —  DXo  oos  L.  1 


DXo. 
Dep. 


Bg  Computation. 
49"  SO'       log  cos  9. 81254 
log       2.32222 

log       2. 13476 


Exufpiat  A  flhip  in  tbe  latUade  of  ', 
diBamice  <d  longitude. 

Bji  Compuuaion. 
L  38°       log  sec  0.10847 

Dep.       21G.6       log        2.33345 


DJ*{4. 


273'.  6 


2.43602 


Sg  Iitiptetion. 
Enter  T^ble  2  with  the  Utitade  m  C  and  the  diSennco 
of  longitude  u  Dist.  As  th«  table  is  cftlculated  only  to 
ringle  d»reee,  we  must  find  the  numbers  in  the  pages  td 
49°  And  50°  And  take  tbe  mean.  CoTTeeponding  to  Diet. 
210 in  the  former  ie  lAt.  137.8,  &nd  in  the  latter  I^t.  135.0. 
The  mean,  which  is  the  required  departure,  is  136.4. 
<°  aaila  due  west  a  distance  of  215.6  iniles.    Required  the 

'Bs  Irwptetwn. 

Entering  l^ble  2  with  the  latitude,  38°.  as  a  course, 

correHponduig  with  the  number  216.6  in  calnmn  of  I^., 

is  273. 5  in  tne  column  of  Dist.    This  is  therefcov  the 

required  difierence  of  longitude,  being  equal  to  4°  33^.6. 


njxaajL  i^nruDB  SAiuHa. 


175.  When  a  ship  follows  a  course  obliquely  across  the  meridian  the  latitude  is 
OMutantly  changing,  and  the  me^od  of  converting  departure  and  difieienoe  <A 
Imgititde  by  PanlM  Sailing,  just  described,  oeaaee  to  he  applicable.      ^^  , 
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la  figure  26.  T  is  the  point  of  departure;  T',  the  point  of  destination;  P,  the 
earth's  pole;  TT'  the  rhumb  track;  n,TT',  the  course;  Tn,  n,!",  the  respective 
parallela  of  w.tituae;  and  MM',  the  equator. 

The  difference  of  lon^tude  between  T  and  1"  is  MPM',  which  may  be  measured 
by  the  arc  of  the  equator,  MM*,  intercepted  between  their  meridians.    This  corre- 
sponds to  a  departure  Tn  in  the  latitude  of  T,  and  to  the  smaller  departure  T'n,  in  the 
higher  latitude  of  T';  hut  since  the  vessel  neither  makes  all  of  the  departure  in  the 
latitude  T,  nor  all  of  it  in  the  latitude  T',  the  departure  actually  made  m  the  passage 
must  have  some  intermediate  v^ue  between  these  extremes.    Dividing  the  total 
difference  of  lon^tude  into  a  number  of  equal  parts  MPm,,  m^Ftn^  etcTof  such  small 
extent  tjiat,  for  the  purposes  of  conversion,  the  change  of  latitude  corresponding  to 
each  may  he  neglected,  we  nave  the  total  departure  made 
up  of  the  sum  of  a  number  of  small  departures,  each  equ^ 
to  the  same  difference  of  longitude,  but  each  different  from 
the  other.    These  wiU  be  Syri  in  the  latitude  T,  djr,  in 
the  latitude  r^,  etc.    Hence  we  have: 

MM'— d,r,  8ecMT+^„  sec  ni,r,+<V„  Becnv'„+etc 

Now,  if  11/  be  a  parallel  of  latitude  lying  midway 
between  Tn  and  T'n,,  since  there  will  be  as  many  of  the 
small  parts  lying  above  as  below  it,  and  since  for  moderate 
distances  tan  ratio  to  be  employed  in  the  conveimon  of 
departure  and  difference  of  longitude  may  be  regarded  as 
vairing  directly  with  the  latitude,  it  may  be  assumed  ftnr 
such  distances  that  the  sum  of  all  of  the  different  smalt 
ria.  X.  departures  equals  the  single  departure  between  the  merid- 

ians measured  in  the  latitude  IXi',  and  therefore  that  the 
departure  obtained  by  the  method  of  plane  sailing  on  any  course  ma^  be  converted 
into  difference  of  longitude  by  multipljiug  by  the  secant  of  the  Middle  Latitude. 
Tlie  method  of  conversion  based  upon  this  assumption  ia  denominated  Middle 
Latitude  Sailing,  and  by  reason  of  its  convenience  and  aunplicity  is  usually  employed 
for  short  distances,  such  as  those  covered  bj  a  vessel  in  a  day's  run. 

176.  In  Middle  Latitude  Sailing,  havmg  found  the  mean  of  the  latitudes,  the 
solution  is  identical  with  that  of  Parallel  Sailing  (art.  173),  substituting  the  Middle 
Z>atitude  for  the  single  latitude  therein  employed. 

1.  hy  S.,  300  miles.    Requirod  tbe 

~'i^V~'^ble'l:  Coune  BE.  by  S.,  Dirt.,  300,  w«  find  Lat.,  249.4  S.  (4"  0»'.4),  Dep.,  166.7  B. 

lAtitud«  left,  42°  30'.  ON 

DL,  4    09.4  S. 

lAtitnde  urived  U,  38    20  . 6  N.  2)80    fil 

Mid.  Utitude,  40    2fi    N. 

Enter  Titble  2  vith  the  middle  latitude,  40°,  u  &  couiw;  the  diS««nce  of  longitude  (Diat)  ctx- 
MHpoiidii«tothedep»rtuTe(Lat)166.7ia217.6;  euteringvitli41°,  itia220.9;  the  meui  ia 219.2  (S"  3»'.2}. 


Longitude  arrived  at,  &G    11  .8  W. 

Exaioxe:  a  ship  in  Lat  39°  42' 3.,  Long.  3°3I''E.,  eaikB.  42°  W.,  236  milee.    Itequired  the  lati- 
tude and  longitude  anived  at. 

From  TMe  2:  Course,  S.  42°  W.,  Diat.,  236  milee;  we  find  Ut.,  175.4  8.  (2°  66'.4),  Dep.,  167.9  W. 


latitude  anived  at,  42    37  .4  S. 
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From  TaMe  2:  Wd.  lAt.  (conne),  41o,  Dep.  (Lat.),  167.0;  we  find  D.Lo  (Diat),  200.3  (3°  2&'.8). 
Loiuitade  I«ft,  3°  31'.0  B. 

DXo,  S    20  .3  W. 

Longitude  urived  at,  0    01 .7  E. 
Exampia:  a  vmel  leaves  L«t.  iV  57'  N.,  Long.  IS"  16'  W.,  and  urives  »t  IM.  47"  16'  N.,  Long. 
20"  10'  W.    Kequiied  the  coune  and  distance  made  good. 

Latitude  left  40"  57'  N.  Longitude  left,  1&°  16'  W. 

Latitude  Miived  at,  47    IS  N.  Longitude  Miived  at,  20    10  W. 

»L.  P^S.  D.I*. 

Hid.  latitude,  48    38  N. 

Fnm  Tkble  2:  Hid.  Lat.  (coune),  40°^.Lo  (Diat.),  204;  we  find  Dep.  (Lat.),  1S2.S. 
Ftom  Table  2:  DL 159  S.,  Dep.  102.0  W.,  we  find  coune  3.  61°  W.,  Diat,  261  milao. 

177.  It  may  be  remarked  that  the  Middle  Latitude  should  not  be  used  when 
the  latitudes  are  of  opposite  name:  if  of  diflerent  names  and  the  distance  is  small, 
the  departure  may  be  assumed  equal  to  the  difference  of  longitude,  since  the  meridians 
are  sensiblr  parallel  near  the  equator;  but  if  the  distance  is  great  the  two  portions 
of  the  t^acK  on  opposites  of  the  equator  must  be  treated  separately. 

178.  The  assumption  upon  which  Middle  Latitude  euting  is  based — that  the 
conversion  may  be  made  as  if  the  whole  distance  were  sailed  upon  a  parallel  midway 
between  the  latitudes  of  departure  and  destination — while  sufficiently  accurate  for 

•  moderate  distances,  may  be  materially  in  error  wher6  the  distances  are  large.  In 
such  case,  either  the  method  of  Mercator  Sailing  (art.  179)  must  be  employed^  or  else 
the  correction  given  in  the  following  table  should  be  applied  to  the  mean  latitude  to 
obtain  what  may  be  termed  the  latitude  of  conversion,  being  that  latitude  in  which 
die  required  conditions  are  accurately  fulfilled.  The  table  is  computed  from  the 
formula: 

cos  Lio= — , 

wbere  T^  represents  the  latitude  of  conversion,  and  I  and  m  are  respecUvely  the  differ- 
ences of  latitude  and  of  meridional  parts  (art.  40,  Chap.  U)  between  the  latitudee  of 
departure  and  destination.' 


Dlftmun  i^MtHtie. 

ffi- 

1* 

I* 

«• 

4* 

•• 

■• 

r 

8* 

•• 

If 

M* 

14* 

w 
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16 
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-«6 

-84 
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16 

18 
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76 

07 
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72 
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THX  auUHQS. 
Exuipu:  A  vaMd  saila  bom  Lat.  10°  13'  S.  to  L«t.  20°  21'  B.,  xatMag  »  dsputnra  of  432  naika. 
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Fot  Hid.  Litt.  15°  and  Difi.  of  L«t.  10°.  Comctioa,  —66'. 
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179.  Ihreator  SaHing  is  the  metliod  by  which  roluee  of  the  Tarioos  elemente 
are  determined  from  consiaering  them  in  tlie  relation  in  which  they  are  plotted  upoD 
a  chart  constructed  according  to  the  Merc&torprojection. 

180.  Upon  the  Mercatot  chart  (art.  39,  Chap.  U),  the  meridians  betng  parallel, 
tiie  arc  of  a  parallel  of  latitude  ia.  shown  as  equal  to  the  oorreaponding  arc  of  Uie 
equator;  the  length  of  every  such  arc  is,  therefore,  expanded;  and,  in  order  that 
the  rhumb  line  may  appear  as  a  straight  line,  the  meridians  are  also  expanded  by 
such  amount  ae  is  necesaaiy  to  preserve,  in  any  latitude,  the  proper  proportion ' 
existing  between  a  unit  of  hititude  and  a  unit  of  loi^tude.  The  length  of  small 
portions  of  the  meridian  thus  increased  are  called  meridional  parts  (art.  w.  Chap.  H), 
and  these,  computed  for  every  minute  of  latitude  fiom  0°  to  80°,  form  tne  Table  of 
MeridioDsI  Farts  (Table  3),  by  means  of  which  a  Mercator  chart  may  be  constructed 
and  all  problems  of  Mercator  Sailing  may  be  solved. 

In  the  triangle  ABC  (fig.  27),  the  angle  ACB  is  the  com-se,  C:  the  side  AC,  the 
distance,  Dist.;  the  side  BO,  the  difference  of  latitude,  DL;  and  the  side  AB,  the 
departure,  Dep.  Then  corresponding  to  the  difference  of  lati- 
tude BC  in  the  latitude  under  consideration,  if  CE  belaid  oflf  to 
reprceent  the  meridional  difference  of  latitude,  tn,  completing  the 
Tight  triangle  CEF,  EF  will  represent  the  difference  of  longitude, 
DTLo.  The  triangle  ABC  ^ves  the  relations  involved  in  Plane 
Sailing  as  previously  described;  ih«  triangle  CEF  affords  the 
means  for  the  conversion  of  departure  and  difference  of  lonfp- 
tude  by  Mercator  Sailing. 

181.  To  find  the  arc  of  tlie  expanded  meridian  intercepted 
between  any  two  parallels,  or  the  meridwtud  difference  of  latitude, 
when  both  places  are  on  the  same  side  of  the  equator,  subtract 
the  meridional  parts  of  the  lesser  latitude,  as  given  by  Table  3, 
from  the  meridional  parts  of  the  greater;  the  remainder  will  be 
the  meridional  difference  of  latitude ;  but  if  the  places  are  on  dif- 
ferent sides  of  the  equator,  the  sum  of  the  meridional  parts  will 
be  the  meridional  difference  of  latitude. 
182.  To  solve  the  triangle  CEF  by  the  traverse  tables  it  is  only  neceaaary  to 
Bubetitute  meridional  difference  for  Lat.,  and  difference  of  longitude  for  Dep.  Where 
long  distances  are  involved,  cairTing  the  computation  beyond  the  limits  of  the 
traverse  table,  as  frequently  occurs  m  this  method,  either  of  two  means  may  be 
adopted:  the  problems  may  be  worked  by  trigonometrical  formuhe,  using  logarithms 
oi  the  riven  quantities  involved  may  all  be  reduced  by  a  common  mvisor  until 
they  faU  within  the  travei«e  table,  and  the  results,  when  obtained,  correspondingly 
increased.  The  former  method  is  generally  preferable,  especially  when  the  distances 
are  quite  laige  and  accurate  results  are  sought.  Ilie  foimulse  for  the  variooB 
converuons  are  as  follows: 

taoC-^^;  D.Lo-mtanC;  fft-D.LocotC. 
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Ezamtm:  a  ahip  in  Lat.  42°  SO'  N.,  Long.  68°  51'  W.,  Mlk  BE.  by  S.,  300  milw.    lUqiiirod  the 
latitade  and  longitui^  urived  t. 

Piran  Table  1:  Coune,  SE.  by  S.,  Diat.,  300;  we  find  lAt.  249.4  S.  {4"  O^A). 

Latitude  left,  42°  30' .0  N.        Herid.  parta,  +2806. 4 

DL,  4    09  .4  8. 

Latitude  airiTed  at,    38    20  .6  M.        Uerid.  parta,  -2480.4 

m,  S26.0 

By  Ompviniion.  Bg  Iruptttion. 

m  326.0       log        2. 51322  Etit«r  Table  1,  couree  3  points;  nnce  the  auaotitiee 

C  33°  4y  ki  tan  9.  S24S9  involved  exceed  the  limita  of  the  table,  divide  by  2; 

2,33811  abreaat^  (Lat.),  lS3.0,flnd^^<D«p.),  106.9;  heme* 

D.Lo— 217'.8  o«  a"  87' J. 


(    217'.8 
13°  37'A 


Lm^itade  airiTed  at,  »    13  .2  W. 

ExAMPu:  A  ship  in  L«t.  4°  37'  S.,  Long.  21°  W  W.,  oaila  N.  14°  W.,  460  milee.    Required  the 
ladtodfl  and  longitud*  anived  at. 

Vvm  Table  2:  Coune,  (N.)  14*  (W.),  Dirt.,  450;  we  find  Lat.  438.6  H.  (7°  18'.6}. 

Latitude  left,  4°  37'.  0  S.        Merid.  parts,  +276.4 

DL,  7    18.6  N. 

Utitude  arrived  at,  2    39.6  N.       Uerid.  parts,  +160.0 
n,  434.4 

Bf  Oomp%Uation.  Bg  liupKtim. 

m  434.4      log        2.63789  Pram  Table  2:  Couiae,  14*,  m  (Ut.),  434.4,  w»  find 

C       14°  log  tan  ».  39677  D.Lo  (Dep.^  106'.3  W.,  w  1*  48'.3. 


^•"ll°  48'.  3 


Longitude  arrived  at,  22    53. 3  W. 
BxAKTUt:  B«quiied  the  course  and  distance  by  rhumb  line  tmm  a  point  in  Lat.  42*  03^  N.,  Long. 
70°  Of  W.,  to  anolAer  in  Idit.  30°  SO'  N.,  Long.  26°  10*  W. 

Merid.pts.,  +2770.1        Long,  departure,     70°  04'W. 
M«rid.  pta.,  -2377. 3       Long,  destination,  25    10  W. 

D.Lo      26»4      lAg  3.43010 

m  392.8      Log  2.50417 

C{S.)B1°  42'(E.)       log  tun   .83623       log  see.   .84066 
DL  304'  log        2.48287 

Diet.      2106  log        3.32343 

The  course  is  therefore  S.  81°  42'  G.,  and  tbe  distance  is  2,106  miles.  Since  tlie 
fignres  iuTolved  are  so  large,  it  is  beet  to  employ  only  the  method  by  computation. 
Ise  fonnula  by  which  thel)iBt.  is  obtained  comes  from  Plane  Sailing. 

QBBAT  CntOLE  BAZUSa. 

183.  The  shortest  distance  between  any  two  points  on  the  earth's  surface  is 
meaeured  by  the  arc  of  the  great  circle  which  passes  through  those  points;  and  the 
method  of  sailing  in  which  uie  arc  of  a  great  circle  is  employed  for  the  track  of  the 
Tessel,  taking  advant^  of  the  fact  that  it  is  the  shortest  route  possible,  is  denomi- 
natod  Great  Virde  Samng. 

184.  It  frequently  "happens  when  a  great  circle  route  is  laid  down  that  it  is 
fovnd  to  lead  across  the  land,  or  to  carry  the  vessel  into  a  region  of  dangerous  navigar- 
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tion  or  extreme  cold  which  it  is  expedient  to  avoid;  in  such  a  case  «  certain  parallel 
should  be  fixed  upon  as  a  limit  of  latitude,  and  a  route  lud  down  such  that  a  great 
circle  is  followed  aa  far  as  the  limiting  parallel,  then  the  parallel  iteelf,  and  finally 
another  great  circle  to  the  port  of  destmation.  Such  a  modification  of  the  great 
circle  method  is  called  Compoaite  SaUing. 

185.  The  rhumb  line  (art.  6,  Chap.  I),  also  called  the  loxodromic  curve,  which 
cuts  all  the  meridians  at  the  same  angle,  has  been  largely  employed  as  a  track  by 
navigators  on  account  of  the  ease  with  which  it  may  oe  laid  down  on  a  Mercator 
chart.  But  as  it  is  a  longer  line  than  the  great  circle  between  the  same  points, 
intell^ent  navigators  of  the  present  day  use  the  latter  wherever  practicable.  On 
the  ifercator  chart,  however,  the  arc  of  a  great  circle  joining  two  points  (unless 
both  are  on  the  equator  or  both  on  the  same  meridian)  will  not  be  projected  as  a 
strMght  line,  but  as  a  curve  which  seems  to  be  longer  than  the  rhumb  line;  henoe 
the  BDortest  route  appears  as  a  circuitous  one,  and  this  is  doubtless  the  reason  that 
a  wider  use  of  the  great  circle  has  not  been  made. 

It  should  be  clearly  understood  that  it  is  the  rhumb  line  which  is  in  fact  the 
indirect  route,  and  that  in  following  the  great  circle  the  vessel  is  always  heading 
for  her  port,  exactly  as  if  it  were  in  ^ht,  while  on  the  course  which  ia  shown  as  a 
strught  line  on  the  Mercator  chart  the  vessel  never  heads  for  her  port  until  at  tlie 
very  end  of  the  voyage. 

""        eth(  ' 


186>  The  metnod  of  ^at  circle  sailing  is  of  especial  value  to  steamers,  as  such 
vessels  need  not,  in  the  choice  of  a  route,  have  r^ardfor  the  winds  to  the  same  extent 
as  must  a  sailing  vessel;  but  even  in  navigating  vessels  under  sail  a  knowledge  of  the 
great  circle  course  may  prove  of  great  value.  For  example,  siippoee  a  ship  to  he 
bound  from  Sydney  to  Valparaiso;  the  first  great  circle  course  is  SE.  by  S.,  whiln  the 
Mercator  course  is  almost  due  east.  The  distance  b  748  miles  shorter  oy  the  former 
route  (if  the  sreat  circle  is  followed  throughout,  though  this  would  lead  to  a  latitude 
of  61°  S.).  With  the  wind  at  E.  J  S.  the  snip  would  he  nearer  to  the  Mercator  course 
on  the  starboard  tack,  assuming  that  she  sailed  within  six  points  of  the  wind;  but 
if  she  took  that  tack  she  would  be  increasing  her  distance  from  the  port  of  deetinaticm 
by  4J  miles  in  every  10  that  she  sailed:  while  on  the  port  tack,  heading  one  point 
farther  from  the  rhumb,  the  gain  toward  the  port  would  be  9J  miles  out  of  every  10. 
Any  course  between  East  and  SSW.  would  be  better  than  the  Mercator  course;  and 
if  tne  wind  were  anything  to  the  eastward  of  SE.  by  S.,  the  ship  would  gain  by  taking 
the  port  tack  in  preference  to  the  starboard. 

187*  As  the  great  circle  makes  a  difi'erent  aii^e  with  each  meridian  that  is 
crossed,  it  becomes  necessary  to  make  frequent  changes  of  the  ship's  coime:  in 
practice,  the  course  is  a  series  of  chords  joimi^  the  various  points  on  the  ti^ck  line. 

If,  while  endeavoring  to  follow  a  great  circle,  the  ship  is  driven  from  it,  as  by 
unfavorable  weather^  it  will  not  serve  the  purpose  to  return  to  the  old  track  at 
conveoienoe,  but  it  is  required  that  another  great  circle  be  hud  down^  joioing  the 
actual  position  in  which  the  ship  finds  herself  with  the  port  of  destination. 

188.  The  methods  of  determining  the  great  circle  course  may  be  divided  geneo'aDy 
into  four  classes;  namely,  by  Great  Oirde  Sailing  Chdrte,  by  CompuiaiMn,  by  tlie 
methods  of  the  Timt  Azimum,  and  by  Graphic  Approximationa. 

189.  Gbbat  Cntcu:  Sailino  Charts. — Of  the  available  methods,  that  by  means 
of  charts  especially  constructed  for  the  purpose  is  considered  greatly  superior  to 
aU  others. 

A  series  of  great  circle  soiling  charts  coverii^  the  navigable  waters  of  the  globe 
is  published  by  the  United  States  Hydrographic  Office.  Being  on  the  gnomonic 
projection  (art.  44,  C3iap.  II),  all  great  circles  are  represented  as  stra^ht  Gnes,  and 
it  is  only  necessary  to  join  any  two  points  by  such  a  Une  to  represent  the  great  circle 
track  between  them,  llie  courses  and  distance  are  readily  obtainable  by  a  method 
explained  on  the  charts.  The  track  may  be  transferred  to  a  chart  on  the  Mercatw 
projection  by  plotting  a  number  of  its  points  by  their  coordinates  and  joining  them 
with  a  curved  line. 

The  navigator  who  contemplates  the  use  of  great  circle  tracks  will  find  it  of  the 
greatest  convenience  to  be  provided  with  these  gnomonic  charts  for  the  regions  which 
nis  vessel  is  to  trayerse. 
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190.  Br  CmiPUTATioiT. — Tina  method  oonsists  in  determmiiig  a  series  of  points 
on  the  great  cirole  by  their  coordinates  of  latitude  and  longitude,  plotting  them  upon 
«  Mercator  chart,  and  tracing  the  cnrre  that  p 

j(HDS  Uiem.  The  first  point  determined  is  the 
vertex,  or  point  of  highest  latitude,  even  when, 
as  sometimea  occurs,  it  falls  without  that  por- 
tion of  the  great  circle  which  joins  the  pomts 
of  departure  and  destination.  /"  |  l  ^p 

In  figure  28,  A  represents  the  point  of  /  ^ — ■'       V  ' 

departure;  B,  the  point  of  destination;  AVE,     .  > 
the  great  circle  j'ouiing  them,  with  its  vertex   ■*■ 
at  V;  and  P,  the  pole  of  the  earth.  ""■  *• 

Let  C4  -  P AB,  the  initial  course ; 

C^  —FBA.  the  final  course; 
Li,  !.»,  1%-the  latitudes  of  the  respective    points  A,  V,  B-(90'*— PA), 
(W-PV),  (W-PB). 
ZjOa^  Lo^t,  Loar—the  differences  of  longitude  between  A  and  B,  A  and  V,  B  andV, 
respectively,  -  APB,  APV,  BPV. 
D  —the  great  circle  distance  between  A  and  B;  and 
^°an  auxiliary  angle  introduced  for  the  computatbn. 
We  then  have: 

tan  9>-cos  Zx>u  cot  1%; 
cot  Ti— cot  LOiB  cos  (Li  +  9')  cosec  ^; 
cot  D— cos  C4  tan  (1^  +  ^); 
cos  Lt— sin  C^  cos  L^; 
cot  Lo„— tan  C^  sin  L^. 
By  these  fommla  are  determined  the  initial  coarse  and  tiie  total  distance  by 
^raat  circle;  also  the  latitude  of  the  vertex  and  its  longitude  with  respect  to  A.    By  ' 
interchanging  the  subscript  letters  ^  and  ,  throughout,  we  ^ould  ohtain  the  final 
oonxse,  and  me  longitude  of  the  vertex  with  reepect  to  B;  also  the  same  total  distance 
and  latitude  of  the  vertex  aa  before. 

Id  j}erforming  this  computation,  strict  regard  must  be  had  to  the  ai^na  of  the 
quantities.  If  the  points  of  departure  and  destination  are  in  different  latitudes,  the 
wtitude  of  one  of  these  points  must  be  r^arded  as  neeadve  with  respect  to  the  other, 
and  they  must  be  marked  with  opposite  signs,  should  Lo^t  o^  -'-"^  assume  a 
negjative  value,  it  indicates  that  the  vertex  does  not  lie  between  A  and  B,  and  is  to 
be  laid  off  accordin^y. 

To  find  other  points  of  the  great  circle,  M,  N,  etc.,  let  their  latitudes  be  repre- 
sented by  L|,>  Lhi  etc.,  and  their  longitudes  from  the  vertex  by  Lom,  Lonu  etc.; 
then 

tan  IiK  —  taD  L,  cos  Lotm;  or,  cos  LovH~tan  I^  cot  L,; 
tan  I^— tan  Ly  cos  Lotm;  or,  coa  LovH-tan  l4,cot  L*; 
and  so  on.  By  these  formulse  intervals  of  longitude  from  the  vertex  of  5^,  10°,'Or 
any  amount,  may  be  assumed,  and  the  corresponding  latitudes  deduced;  or  any 
latitude  may  be  assumed  and  its  corresponding  intfflral  of  longitude  from  the 
vertex  found.  Two  positions  will  result  from  each  solution,  and  the  appropriate 
ones  may  be  chosen  by  keeping  in  mind  the  signs  involved. 

Exakplb:  Oiven  two  places,  one  in  IaI.  40°  N.,  Long.  70°  W..  the  other  in  Lat.  30°  S.,  Long.  10" 
W.,  find  the  greftt  circle  dLrbuice  between  them;  slao  the  initial  course,  and  the  longitude  of  equator 


Li=+«°;  Lb— 30°;  LOiB='eO°. 
tou            60°         coa          9. 69697.. cot           9.78144 
I«           -  30°         cot  (-)  .23868 
L»  +40°  ro«  9.88426  ain  ft  M807 


P»- 


)°64'  taa  (-)9.93753..coBec(-)  .18393 
.+</>)—    0°  M'  coa  9.99996  tan {-)  8. 19616 


Ca  131°  24'  or S. 48° 36' E.... cot    (-)9.94532  coe(-)  ft82041  ain  9.87613  ten  (-)     .0647S 

D  89°  24^  or  5,364  miles cot         8.01867 

L*  +64°B6'  COS  9.7N88  

^-^        -»•«'  LTflT-'^5-K^(^^ 

-«1K»°— 16 6  <-^ 
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The  initial  coorse  is  therefore  S.  48°  36'  E.,  and  the  dbtance  5^64  naaticat 
miles.  (It  may  be  fotmd  that  the  conne  by  rhumb  line  is  S.  38°  45'  E.  and  die 
distance  5,386  miles.)  The  vertex  of  the  great  circle  ia  in  Lat.  64°  66'  N.,  and  is 
53°  54'  in  loi^tude  from  the  point  A,  in  a  direction  away  from  B;  hence  it  is  in 
Long.  123°  64'  W.  To  find  the  longitude  of  equator  crossing  let  Lk-0°;  then  in 
the  equation, 

cos  Loth  =  tan  La  cot  In, 

once  tan  I^  equals  zero,  cos  Lon  also  equals  zero,  or  the  longitude  interval  from 
the  vertex  is  90°,  which  is  evident  from  the  ^operties  of  the  great  drcle:  Uierefore 
Uie  longitude  of  equator  croesing  is  123"  54'  W.— 90° -33°  54' W. 

191.  By  Time  Azimuth  Me^ods. — A  convenient  method  of  obtaining  the  initial 
and  final  courses  in  great  circle  sailing  is  afforded  by  the  tables  and  graphic  meUiods 
which  are  prepared  for  t^e  solution  of  the  Time  Azimuth  problem  (art.  352,  Qiap. 
XIV).  It  will  be  found  by  comparison  that  if  the  latitude  of  the  point  of  departure 
be  substituted  for  the  latitude  or  the  observer  in  that  problem,  the  latitude  of  desti- 
nation for  the  declination  of  the  celestial  body,  and  the  lon^tude  interval  for  the 
hour  angle,  the  solution  for  the  initial  course  will  coincide  with  that  for  the  azimuth: 
by  interchanging  the  latitudes  of  the  points  of  departure  and  destination  the  final 
course  will  be  similarly  obtained.  Advantage  may  thus  be  taken  of  the  various 
methods  provided  for  facilitating  the  determination  of  the  ammuth  to  ascertain 
the  great  circle  courses  from  one  point  to  another. 

192.  Br  Gkaphio  Affboxtmations. — Of  the  numeroos  methods  that  fait 
within  this  class  only  two  need  be  given. 

193.  By  the  use  of  a  Terrestrial  Globe  the  two  given  points  between  which  the 
great  circle  track  is  required  may  be  joined  by  the  (horteet  line  between  them,  either  by 
means  of  a  piece  of  thread  or  bv  moving  the  globe  until  they  are  htought  to  the  fixed 
horizon  which  is  usually  provioed;  the  coordinates  of  tha  various  pointa  of  the  track 
are  then  transferred  to  the  chart.  The  number  of  minutes  of  aro,  as  measured  on 
the  scale  of  the  horizon  between  the  points,  equals  the  numbw  of  miles  of  distance; 
if  there  be  no  Horizon,  the  measure  may  be  made  by  a  thread  along  the  equator  or  a 
meridian. 

194.  The  Method  of  Professor  Airif  consiste  in  drawing  <»i  the  chart  a  rhumb 
line  joining  the  two  points,  and  erecting  at  its  middle  pomt  a  pwpendicular;  the 
following  table  should  then  be  entered  with  the  middle  latitude  aa  an  argument,  and 
the  "correnwnding  parallel"  of  latitude  taken  out  (noting  whether  it  is  the  same 
or  opposite  in  name  to  the  middle  latitude);  where  this  parallel  is  interaeoted  by  the 
perpendicular  that  was  drawn  will  be  the  center  from  which  may  be  swept  an  aro 
approximately  representing  ttie  great  circle  between  the  two  points. 
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195.  It  has  already  been  stated  that  when,  for  any  reason,  it  is  impracticable 
or  iinadvisable  to  follow  the  great  circle  track  to  its  highest  latitude,  a  limitmg  parallel 
is  chosen  and  the  route  modified  accordingly.  This  method  is  denominated  Composite 
Sailing. 

196.  The  shortest  track  between  points  where  a  fixed  latitude  ia  not  exceeded 
is  made  up  as  follows: 

1.  A  great  circle  through  the  point  of  departure  tangent  to  the  limiting  parallel. 

2.  A  course  along  the  parallel 

3.  A  great  circle  through  the  point  of  destination  tangent  to  the  limitingparallel. 
The  composite  track  may  be  determined  by  Oreat  Circle  Sailing  Chart,  by 

Computation,  or  by  Oraphie  Approximation. 

197.  On  a  Great  Circle  Sailing  Chart,  draw  lines  from  the  points  of  departure 
and  destination,  respectively,  tangent  to  ihe  limiting  parallel ;  transfer  these  great 
drclee  to  a  Mercator  chart  in  the  usual  manner,  by  the  coordinates  of  several  points, 
including  in  each  case  the  point  of  tangency  to  the  parallel.  Follow  the  first  great 
circle  to  the  parallel;  then  follow  the  parallel;  then  the  second  great  circle. 
Determine  great  circle  courses  and  distances  from  the  gnomonic  chart  as  thereon 
described;  determine  the  distance  along  the  parallel  by  Parallel  Sailing. 

198.  By  eompiitation,  the  problem  consists  in  finding  the  great  circles  which 
passj  respectively,  through  the  points  of  departure  and  destination  and  have  their 
vertices  m  the  latitude  of  the  limiting  paralTel.  Resuming  the  designation  of  terms 
already  employed  {art.  190),  we  have: 

cos  Loy^— tan  L^  cot  L^; 
cos  Lo^~tan  L,  cot  L,; 

where  Lo,^  and  Lon  represent  the  distances  in  longitude  from  A  and  from  B  to  the 
respective  traints  of  tongency;  other  features  of  each  of  the  great  circles  may  be 
detfirmined  in  the  usual  manner. 

Exauplb:  a  veeael  in  Ut.  30°  8.,  Long.  IS"  W.,  ia  bound  to  a  point  in  L«t.  SO"  B.^  Long.  14&°  E., 
ind  it  is  decided  not  to  go  south  of  the  puiUlel  of  65°  S.  Find  the  longitude  of  rettching  that  pftmllel 
and  the  longitude  at  which  it  should  bo  left. 


L*  -30"  8.;    L,  - 

.  89"  8.;  Lv-SCa. 
-146"  E. 

Ji      30"             lan  9. 76144 
'^     66°            cot  g.  S4523 

L,       39°                tan  9. 90837 
Lt        S6"                  cot  •.84523 

>>TA  66"  ©»'  E.  COS  9. 60667 
:*»    18    00  W. 

Le„    66°  27' W.  cos    9.76SW 
Lo.    145    00   B. 

Lot    48    09  E.  Lo,      89    33    B. 

199.  A  ffraphieapprovimaiion  to  the  composite  track  may  be  obtuned  by  drawing 
a  straght  line  between  the  given  points  on  a  Mercator  chart  and  erecting  at  its  middle 
point  a  p^pendicular,  which  should  be  ext«nded  tmtil  it  intersects  the  limiting 
parall^.  Then  through  this  intersection  and  the  two  points  describe  the  aro  of  a 
circle,  and  this  will  appnmmate  to  the  shortest  distance  within  the  assigned  limit 
of  latitude. 

200.  A  terrestrial  globe  may  be  employed  for  the  determination  of  the  composite 
track;  the  method  of  its  use  will  suggest  itself. 

201.  Another  approximation  is  obtuned  by  joining  the  two  points  with  a  single 
great  circle,  and  following  this  to  its  intersection  with  the  limiting  parallel;  thence 
sailbg  along  the  parallel  untO  the  great  (urde  ia  agun  inteneoted;  then  resuming 
the  orde  and  fdlowing  it  to  the  de8tinati<Hi. 
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CHAPTER  VI. 
DEAD  BEOEOHHra. 


203.  Dead  Reekomng  ia  the  procesa  by  which  the  portion  of  a  ship  at  any  instant 
is  found  by  applying  to  the  last  well-detennined  position  the  run  that  has  since  heoi 
made,  using  for  the  purpose  the  ship's  course  ana  the  distance  indicated  by  the  1(^. 

203.  Positions  by  dead  reckoning,  also  spoken  of  aa  poationa  by  aascunt,  differ 
from  those  detenninoa  by  bearings  of  terrestrial  objects  or  by  observations  of  celestial 
bodies  in  being  less  exact,  as  the  correctness  of  dead  reckoning  depends  upon  the 
accuracy  of  the  estimate  of  the  run,  and  this  ia  always  liable  to  be  at  fault  to  a  greater 
or  less  extent.  The  course  made  good  by  a  ship  may  differ  from  that  whicn  it  ia 
beliered  that  she  is  making  good,  by  reason  of  imperfect  steering,  improper  allowance 
for  compass  error  and  leeway,  and  the  effects  of  unknown  currents;  the  allowed 
distance  over  the  ground  may  be  in  error  on  account  of  inaccurate  logging  and 
unknown  currents. 

Notwithstanding  its  recognized  defects  as  compared  with  the  more  exact  methods, 
the  dead  reckoning  is  an  iuTaluable  aid  to  the  mariner.  It  affords  him  a  means  ot 
plotting  the  position  of  the  ship  at  any  desired  time  between  astronomical  deter- 
minations; it  also  gives  him  an  approximate  position  at  the  moment  of  taking 
astronomical  observations  which  is  a  great  convenience  in  workmg  up  those  obeerva"  - 
tions;  and  finally  it  affords  the  only  available  means  of  determining  the  location  of 
a  vessel  at  sea  during  those  periods  (which  may  continue  for  seToru  days  together) 
when  the  weather  is  such  as  to  render  the  observation  of  celestial  bodies  an  impos- 
sibility. 

204.  Taking  Depabttbi:. — ^Before  losing  aght  of  the  land,  and  preferably 
while  objects  remain  in  good  view,  it  is  the  duty  of  the  navigator  to  take  a  departure; 
this  consists  in  fiTJng  the  position  of  the  ship  by  the  best  means  available  (Qiap.  IV), 
and  using  this  position  as  the  origin  for  dead  reekomng.  There  are  two  methods  of 
reckoning  the  departure.  The  first  and  simpler  consists  in  taking  from  the  chart  the 
latitude  and  longitude  of  the  poation  found,  and  applying  t^e  future  run  thereto. 
The  other  requires  that  the  bearing  and  distajice  of  an  object  of  known  latitude  and 
loi^tude  be  found;  the  position  of  the  object  then  forms  the  basis  of  the  reckoning, 
and  the  reversed  direction  of  the  bearing,  with  the  distance,  forms  the  first  course 
and  distmce;  thus  it  may  be  considered  that  the  ship  starts  from  the  position  of  the 
object  and  sails  to  the  position  where  the  bearing  was  taken;  the  correction  for 
deviation  in  such  a  case  should  be  that  due  to  the  he&ding  of  the  ship  when  the  bearing 
was  taken.  Each  time  that  a  new  podtion  is  determined  it  is  used  as  a  new  departure 
for  the  dead  reckoning. 

This  meaning  of  the  term  depmiure  should  not  be  confounded  with  the  other, 
which  refers  to  tne  distance  run  toward  east  or  west. 

206.  Methods. — ^The  working  of  dead  reckoniM  merely  involves  an  application 
of  the  methods  of  Traverse  Sailing  (art.  172)  and  Middle  Latitude  Sailing  (art.  175), 
as  explained  in  Chapter  V. 

The  various  compass  courses  are  set  down  in  a  column,  and  abreast  each  are 
written  the  errors  by  reason  of  which  the  course  steered  by  CMupass  differs  from  the 
true  course  made  good  over  the  n-ound;  thence  the  true  course  made  good  is  deter- 
mined and  recorded*  next,  the  distance  ia  written  in,  and  afterwards,  by  means  of 
Tablea  1  or  2  (according  as  the  courses  are  expressed  in  quarter  points  or  degrees),  the 
difference  of  latitude  and  departure  are  found,  sepwate  cohunns  being  kept  for 
distances  to  the  north,  south,  east,  and  west. 

When  the  position  of  the  ship  at  any  moment  is  required,  add  up  all  the  differ- 
ences of  latitude  and  departure,  and  write  in  the  column  of  the  greater  the  difference 
between  the  northing  and  southing,  and  the  easting  ftod  westing.  Apply  the  differ- 
ence of  latitude  to  the  latitude  of  the  last  detenmned  position,  which  will  give  th« 
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Ittitade  hj  D.  R.,  and  from  vhich  ma^  be  found  the  middle  latitude;  with  the 

Huddle  latitude  find  the  differeDce  of  longitude  corresponding  to  the  departure,  apply 
this  to  the  longitude  of  last  poration,  and  the  result  vill  be  uie  longitude  by  D.  R. 

The  employment  of  t^e  tabular  form  will  be  found  to  facilitate  the  work  and 
niard  against  errors.  It  will  be  a  convenience  to  include  in  that  form  columne 
inowing  the  hour,  together  with  the  reading  of  the  patent  log  (if  used)  each  time 
tiiat  the  course  is  chaneed  or  the  dead  reckoning  worked  up. 

The  employment  of  minutes  and  tenths  in  dead  reckoaing  rather  than  minutee 
and  seconds  is  recommended. 

Kxahplb:  a  vessel  under  sail  heading'  NE.  {  E.  (on  which  course  deviation  is 
i  pt.  Easterly)  takes  departm^  from  Cape  Henry  lighthouse  (see  Appendix  IV  for 
poation),  bearing  SSW.  J  W.  per  compass,  distant  1.4  mOes.  She  then  sails  on  a 
series  of  courses,  with  errors  and  distances  as  indicated  below ;  wind  about  SE.  by  E. 
Required  the  poation  by  dead  reckoliing;  also  the  course  and  distance  made  good  by 
dead  reckoning. 
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Exaxplb:  a  iteunei'B  Mdtion  by  obaervKtion  at  dood,  patent  kg  reading  27.3,  ie  Lat.  49°  W  N., 
Long.  7*  32^  W.    Thence  sae  oteen  262'  (per  comitaaB),  the  total  compoM  error  on  that  c  '^" 

»■  W.,  until  12.30,  at  which  time,  patent  log  readine  33.9,  the  cc -*■ '  • 

wnt.    At  4.12,  patent  log  80.5,  eigbta  are  taken  bom  wldch  it  ia  low 


B  being 

_^  courae  le  changed  to  260°  (p.  e.),  aame 
4.12,  patent  l<s  80.5,  eiKbta  are  taken  bom  wtdch  it  ia  found  that  the  true  longitude  la  S"  46'  W.. 
and  the  compaM  errc^  19°  W.  At  0.16,  patent  log  reading  6.1,  a  eight  is  taken  bom  which  it  is  found 
that  the  true  latitude  is  43°  34'  30"  N.  At  8  p.  m.  the  pat«nt  tog  reads  27.6.  Bequired  thepooitionsby 
D.  K.  at  each  ^ht  and  at  8  o'clock. 


Tim*. 

Cnup-ooum. 

Error. 

Tnaconm. 

FsLLof. 

DM. 

8. 

W. 

D.lo. 

Noon. 
12.30 
4.12 

6.16 
6.00 

262" 
260" 

260° 
260° 

20°  W. 
20°  W. 

19°  W. 
19°  W. 

242° 
240° 

241° 
241- 

27.3 
33.9 
60.6 

6.1 

27.5 

6.6 
46.6 

26.6 
21.4 

3.1 
23.3 

6.8 
40.3 

7ft3 
34.1 
27.9 

26.4 
12.4 
10  4 

46.1 
22.4 
18.7 

Byobs.atooon, 
Run  to  4.12  sight, 

LaUlfide 
49°  iy.o  N. 
26  .4  S. 

Uid.  L 

49° 

7=  32'.0  w! 
I    10  .3  W. 
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48    34  .6  K. 
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27  .0  W. 

By  D.  R.  at  8  p.  m., 

48    24  .1  N. 

9    48  .0  W. 
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206.  Allowancb  fob  Cubbent. — Wbeii  a  veesel  is  sailing  in  a  known  current 

whose  strength  maj  be  estimated  with  a  fair  degree  of  accuracy,  a  more  correct 
position  may  be  arrived  at  by  regarding  the  set  and  drift  of  the  curroDt  as  a  course  and 
distance  to  be  regularly  taken  account  of  in  the  dead  reckoning. 

ExAUfLB:  A  veeael  in  the  Gulf  Stream  at  a  point  where  the  FUirent  ia  estimated  to  iet  48°  at  thfl 
rate  of  l.S  miles  an  hour,  saile  183°  (true),  making  9.5  knota  an  hour  through  the  water  for  3^  30~.  Middle 
latitude  35°.    Required  the  course  and  diietaoce  made  good. 


t™«u«.. 
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E. 
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D.LO. 

Run 
Current 
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207.  FiNDina  THE  CiTBBENT. — It  IS  usuat,  upon  obtaining  a  good  position  hv 
observation  (as  the  navigator  usually  doea  at  noon),  to  compare  that  position  witn 
the  one  obtained  by  dead  reckoning,  and  to  attribute  such  discrepancy  as  may  be 
found  to  the  effects  of  current.  It  has  already  been  pointea  out  that  other 
causes  than  the  motion  of  the  water  tend  to  make  the  dead  reckoning  inaccurate, 
so  that  it  must  not  be  assumed  that  currents  proper  are  thus  determined  with  com- 
plete correctness. 

Current  is  said  to  have  set  and  dnft,  referring  respectively  to  the  direction  toward 
which  it  is  flowing  and  the  velocity  with  which  it  moves. 

It  is  evident  that,  in  calculating  current  by  the  method  of  comparing  positions 
by  observation  with  those  by  account,  the  navigator  must  limit  himself  to  Uie  periods  . 
during  which  the  dead  reckoning  has  been  brou^t  forward  independently,  without 
receiving  any  corrections  due  to  new  points  of  departure.  In  case  it  is  desired  to 
find  the  current  covering  a  period  during  which  fresh  departures  have  been  used, 
as  from  noon  to  noon,  find  the  algebraicalsums  of  all  the  differences  of  latitude  and 
longitude  from  the  table,  and  apply  these  to  the  latitude  and  longitude  of  ori^al 
departure — that  of  the  preceding  noon;  this  gives  the  position  from  the  ship's  nm 
proper,  and  the  difference  between  this  and  the  position  by  observation  gives  the  set 
ana  drift  for  the  twenty-four  hours :  if  an  allowance  has  been  made  for  current,  as 
explained  in  the  precedmg  article,  that  must  be  omitted  in  bringing  up  the  position 
which  is  to  take  account  of  the  run  only. 

208.  Day's  Kijn. — It  Ls  usual  to  cEuculate,  each  day  at  noon,  the  ship's  total  run 
for  the  preceding  twenty-four  hours.  Having  the  positions  at  noon  of  each  day,  the 
course  and  distance  between  them  is  found  as  explained  in  article  175,  Chapter  V. 
The  position  by  observation  b  used  in  each  case,  it  such  has  been  found;  otherwise, 
the  position  by  dead  reckoning. 


y  22,  the 

uua^  23,  the  position  by  observalii 
I  by  D.  R.  -'  "--  ' ■ --    -■--  ■'^- 


tion  of  a  vessel  by  observation  was  lAt.  86°  W  H.,  Long. 
■""  by  account  waa  60.1  milce  north  and  153.2  milea  east, 
n  was  Lat.  36°  03'  N.,  Long.  131°  14'  W.    Requii«d 
at  the  latter  time;  also  the  run  and  current  for  the  24  hours. 


130    51  .6  W. 


Ourrent  for  24  hours,  6.9  S.,  18.1  W. 
Current  per  hour,  249°,  0.8  mile. 


f  D.Lo.,  22.4  W.] 
6.9  8.     iDep.,    18.1  W.) 
=249°,  19.4  miles. 


Run  for  24  hours,  63.0  N.,  135.1  E.=68°,  146  miles. 
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CHAPTER  VII. 
DEmriTIOHS  EELATraa  TO  If  AUTIOil  ASTBONOMT. 


209.  NavHeal  Aetroruymy,  or  Cdo~NavigaHon,  has  been  deimed  (art.  3,  Chap.  I) 
as  that  branch  of  the  Bcience  of  Navigation  in  which  the  position  of  a  shjpisdeter- 
mined  by  the  aid  of  celestial  objects — the  siin,  moon,  planets,  or  stius. 

210.  The  Celestial  Sphebe. — An  observer  upon  the  surface  of  the  ear^i 
^pears  to  view  the  heavenly  bodies  as  if  they  were  situated  upon  the  surface  of  a 
vast  hoUow  sphere,  of  which  his  eye  is  the  center.  In  reality  we  know  that  this 
apparent  vault  has  no  existence,  and  that  we  can  determine  only  the  relative  directions 
of  the  heavenly  bodies — not  their  distances  from  each  other  or  from  the  observer. 
But  by  adopting  an  imaginary  spherical  surface  of  an  infinite  radius,  the  eye  of  the 
observer  bemg  at  the  center,  me  places  of  the  heavenly  bodies  can  be  projected  upon 
this  Cdestiai  Sphere,  or  CeUitial  Uoneave,  at  points  where  the  lines  joining  them  with 
the  center  intersect  the  surface  of  the  sphere.  Since,  however,  the  center  of  the  earth 
should  be  the  point  from  which  all  angular  distances  are  measured,  the  observer, 
by  transferrijiE  himself  there,  will  find  projected  on  the  celestial  sphere,  not  only 
the  heavenly  bodies,  but  the  imaginary  points  and  circles  of  the  earth's  surface. 
The  actual  position  of  the  observer  on  the  surface  will  be  projected  in  a  point  called 
the  zenith;  the  meridians,  equator,  and  all  other  lines  and  pomts  may  also  be  projected. 

211.  An  observer  on  the  earth's  surface  is  constantly  changing  his  position  with 
relation  to  the  celestial  bodies  projected  on  the  sphere,  thus  giving  to  the  latter  an 
apparent  motion.  Iliis  is  due  to  three  causes:  First,  the  diunml  motion  of  the  earth, 
arising  from  its  rotation  upon  its  axis;  second^  the  annual  motion  of  Uie  earth, 
arisiiig  from  its  motion  about  the  sun  in  its  orbit;  and  third,  the  actual  motion  of 
cartaiu  of  tihe  celestial  bodies  themselves,  llie  changes  produced  by  the  diurnal 
motion  are  different  for  observers  at  different  points  upon  the  earth,  and  therefore 
d^iend  upon  the  latitude  and  longitude  of  the  observer.  But  the  changes  arising 
from  1^6  other  causes  named  are  mdependent  of  the  observer's  position,  and  may 
therefore  be  considered  at  any  instant  in  their  relation  to  the  center  of  the  earth. 
To  this  end  the  elements  necessary  for  any  calculation  are  tabulated  in  the  NauHad 
Almanac  from  data  based  upon  laws  which  have  been  found  by  long  series  of  observa- 
tions to  govern  the  actual  and  apparent  motion  of  the  various  bodies. 

212.  The  Zenith  of  an  observer  on  the  earth's  surface  is  the  point  of  the  celestial 
sphere  vertically  overhead.    The  Nadir  is  the  point  vertically  beneath. 

213.  The  Celestial  Rorizon  is  the  great  circle  of  the  celestial  sphere  formed  by 
pasemg  a  plane  through  the  center  of  the  earth  at  right  angles  to  the  line  which  joins 
that  point  with  the  zenith  of  the  observer.  The  celeatiaThorizon  differs  somewhat 
feom  the  Visible  Horizon,  which  is  that  line  appearing  to  an  observer  at  sea  to  mark 
the  intersection  of  earth  and  sky.  This  difference  arises  from  two  causes:  First,  the 
eye  of  the  observer  is  always  wevated  above  the  sea  level,  thus  permitting  him  a 
range  of  vision  exceeding  90°  from  the  zenith;  and  second,  the  observer's  position 
is  on  fie  surface  instead  of  at  the  center  of  the  earth.  These  causes  give  rise,  respec- 
tively, to  dtp  tyftlw  horison  and  i^raUax,  which  will  be  explained  later  (Chap.  X). 

214.  In  figure  29  the  celestial  sphere  is  considered  to  be  projected  upon  the 
celestial  horizon,  represented  by  NESW. ;  the  zenith  of  the  observer  is  projected  at 
Z,  and  that  pole  of  the  earth  wnich  is  elevated  above  the  horizon,  assumed  for  illus- 
tration to  be  the  north  pole,  appears  at  P,  the  Elevated  Pole  of  the  celestial  Sphere. 
Hie  other  pole  is  not  shown  in  the  figure. 
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216.  The  Egmnoetial,  or  Odettiai  Equator,  is  the  great  circle  formed  by  extending 
tJie  plane  of  the  eartii's  equator  until  it  intersects  the  celestial  sphere.  It  is  shown 
in  the  figure  in  the  line  EQW.  llie  equinoctial  intersect  the  horizon  in  E  and  W, 
its  east  and  west  points. 

216.  Hour  Circles,  Dedination  Cirdea,  or  CeUstwd  Meridvma  are  great  circles 
of  the  celestial  sphere  passing  through,  the  poles;  they  are  therefore  eecondary  to 
the  equinoctial,  and  may  be  formed  by  extending  the  planes  of  the  respectiTe  terreB- 
trial  meridians  until  they  intersect  the  celestial  sphere.  In  the  figure,  PB,  PS,  PB', 
are  hour  circles,  and  that  one,  PS,  which  contains  the  zenith  and  is  therefore  formed 
by  the  extension  of  the  terrestriaJ  meridian  of  the  observer,  intersects  the  horizon  in 
N  and  S,  its  north  and  south  points. 

217.  FerficoJ  CvreU»,  or  CircU*  of  AUilude,  are  great  circlee  of  tbe  celestial 
flphere  which  pass  through  the  zenith  and  nadir;  they  are  therefore  secondarr  to 
tie  horizon.  In  the  figure,  ZH,  WZE,  NZS,  are  projections  of  such  circles,  wnich 
being  at  right  angles  to  the  plane  of  projection,  appear  as  straight  lines.  The  Tertioal 
circle  NZS^which  passes  throujdi  the  poles,  coincides  with  the  meridian  of  th« 
observer.  The  vertical  circle  VP^,  whose  plane  is  at  right  angles  to  that  of  the 
meridian,  intersects  the  horizon  in  its  eastern  and  western  points,  and,  therefore, 

at  the  points  of  intereection  of  the  equinoo- 
tial ;  Una  circle  is  distinguished  as  the  Prime 
Fcrttcoi. 

218.  The  Dedination  of  any  point  in 
the  celestial  sphere  is  its  angular  distance 
from  the  equmoctial,  measured  upon  tbe 
hour  or  declination  circle  which  passes 
throu^  that  point;  it  is  designated  as 
North  or  SotUh  according  to  (he  directi<Hi 
of  the  point  from  the  equinoctial ;  it  is  cus- 
toniary  to  regard  north  declinations  as 
positive  ( + ),  and  south  declinations  as  nega- 
tive (— ).  In  the  figuxe,  DM  is  the  declina- 
tion of  the  point  M.  Declination  upon  the 
celestial  sphere  corresponds  with  latitude 
upon  the  earth. 

219.  The  Polar  Ditianet  of  any  point 
is  its  angular  distance  from  the  pole  (gen- 
erally, tlu>  elevated  pole  of  an  observer), 

FN.  &  measured  upon  the  hour  or  declination  circle 

passing  through  the  point;  it  most  therefore 

equal  90°  minut  the  declination^  if  measured  from  the  pole  ra  Ihe  same  name  as  the 

declination,  or  90"  plus  (he  decimation,  if  measured  from  the  pole  of  opposite  name. 

The  polar  distance  of  the  point  M  from  tbe  elevated  pole  P  is  PM. 

220.  The  Aliiiude  of  any  point  in  the  celestial  sphere  is  its  angular  distance 
from  the  horizon^  measured  upon  the  vertical  circle  passine  through  the  point-  it 
is  regarded  as  positive  when  the  body  is  on  the  same  side  of  the  horizon  as  the  zemth. 
The  altitude  of  the  point  M  is  HM. 

221.  The  Zenith  Distaitee  of  any  point  is  its  uigular  distance  from  the  senith, 
measured  upon  the  vertical  circle  passing  through  the  point;  the  zenith  distance 
of  any  point  which  is  above  the  horizon  of  an  observer  must  therefore  equal  90° 
minus  the  altitude.    The  zenith  distance  of  M,  in  the  figure,  is  ZM. 

222.  The  Sour  Angle  of  any  point  is  the  ande  at  the  pole  between  tl-e  merKlian 
of  the  observer  and  the  hour  circle  passing  throu^  that  point;  it  may  ^bo  be  regarded 
as  the  arc  of  the  equinoctial  intercepted  between  those  circles.  Tx  is  measiu«d 
toward  the  we^t  as  a  positive  direction  through  the  twenty-four  hours,  or  360  degrees, 
which  constitute  the  interval  between  the  successive  returns  to  the  meridian,  due 
to  the  diurnal  rotation  of  the  earth,  of  any  point  in  the  celestial  sphere.  The  hour 
angle  of  M  is  the  angle  QPD,  or  the  arc  QD. 

223.  The  ABimuih  of  a  point  in  the  celestial  sphere  is  the  angle  at  the  zenith 
between  the  meridian  of  the  observer  and  the  vertical  circle  passmg  through  the 
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point;  it  maj  also  be  regarded  as  the  arc  of  the  horison  inten3e))ted  between  those 
circles.  It  is  measured  from  either  the  north  or  the  south  point  of  the  horizon 
(osu^y  that  one  of  the  same  name  as  the  elevated  pole)  to  the  east  or  west  through 
180°,  and  is  named  accordinsly;  as,  K.  60°  W.,  or  S.  120"  W.  The  azimuth  of  M  is 
the  an^e  NZH,  or  the  arc  NH,  from  the  north  point,  or  the  angle  SZH,  or  the  arc 
SH,  from  ihe  south  point  of  the  horizon. 

224.  The  AmpUiude  of  a  point  is  the  an^e  at  the  zenith  between  the  prime 
vertical  and  the^ vertical  circle  of  the  point:  it  is  i^easured  from  the  east  or  the  west 
point  of  the  horizon  through  00°,  as  W.  30  N.  It  is  closely  allied  with  the  azimuth 
and  niav  ^ways  be  deduced  therefrom.  In  the  figure,  the  amplitude  of  H  is  the 
an^e  yvZE,  or  the  arc  WH.  The  amplitude  is  only  used  with  reference  to  points 
in  the  horizon. 

225.  The  Bd^tie  is  the  great  circle  representing  the  path  in  which,  bv  reason 
of  the  annual  revolution  of  the  earth,  the  sun  appears  to  move  in  the  celestial  sphere; 
the  plane  of  the  ecliptic  b  inclined  to  that  of  the  etjuinoctial  at  an  angle  of  23°  27^', 
and  this  inclination  is  called  the  obUquity  cfihe  eehptie.  The  ecliptic  is  represented 
by  the  great  circle  CVT. 

226.  The  Equinoxes  are  thoee  points  at  which  the  ecliptic  and  the  equinoctial 
intersect,  and  when  the  sun  occupies  either  of  these  positions  the  days  and  nif^ts 
are  of  equal  length  throughout  the  earth.  The  Vemai  Eguiiiox  is  that  one  at  which 
the  sun  appears  to  an  observei'  on  the  earth  wiien  passing  from  southern  to  northern 
declination,  and  the  Autumnal  Etpiinox  that  one  at  which  it  appears  when  passing 
&om  northern  to  southern  declination.  The  Vernal  Equinox  is  also  desi^ated  as 
tlie  Fir^  Point  of  Aries,  and  is  used  as  an  origin  for  reckoning  right  ascension;  it  is 
indicated  in  the  figure  at  V. 

227.  The  SotstiHal  Pointt,  or  Soittiees,  are  points  of  the  ecliptic  at  a  distance 
of  90°  from  the  equinoxes,  at  which  the  sun  attains  its  highest  declination  in  each 
hemisphere.  They  are  called  respectively  the  Summer  and  the  Winter  SolsUce, 
according  to  the  season  in  which  the  sun  appears  to  pass  these  points  in  its  path. 
The  Summer  Solstice  is  indicated  ut  the  figiu«  at  U. 

228.  The  Bight  Aacenaion  of  a  point  is  the  angle  at  the  pole  between  the  hour 
circle  of  the  point  and  that  of  the  First  Point  of  £-ies;  it  may  also  be  regarded  as 
the  arc  of  the  equinoctial  intercepted  between  those  circles.  It  is  measured  from 
the  First  Point  of  Aries  to  the  eastward  as  a  positive  direction,  through  twenty-four 
hours  or  360  degrees.    The  right  ascension  of  the  point  M'  is  YD'. 

229.  Odestud  Latitude  is  measured  to  the  north  or  south  of  the  ecliptic  upon 
Eteat  circles  secondary  thereto.  Cdeatidl  Longiiude  is  measured  upon  the  ecliptic 
from  the  First  Point  of  Aries  as  an  origin,  being  regarded  as  positive  to  the  eastward 
throoghout  360°. 

into.  CoosDiHATEs. — ^In  order  to  define  the  position  of  a  point  in  space,  a  system 
<rf  lines,  angles,  or  planes,  or  a  combmation  of  these,  is  used  to  refer  it  to  some  fixed 
line  or  plane  adopted  as  the  jirimitive;  and  the  lines, 
an^es,  or  {danea  by  which  it  is  thus  referred  are  called 
eooriinaiet. 

231.  In  figure  30  is  shown  a  system  of  rectilinear 
coordinates  for  a  plane.  A  fixed  line  FE  is  chosen,  and 
in  it  a  definite  point  C,  ss  the  origin.  Then  the  posi- 
tion of  a  point  A  is  defined  by  CB  —  x,  the  distance  F 

from  the  origin,  C.  to  the  foot  of  a  perpendicular  let 
fall  from  A  on  FE;  and  by  AB°-y,  the  lengtii  of  the 
peipendicular.     The  distance  x  is  called  tl^  (d>sas»a  i 

and  y  the  ordinate.    Assuming  two  intersecting  right  ru>.  w. 

tmes  'FS,  and  HI  as  standard  lines  of  reference,  the 

location  of  the  point  A  is  defined  by  regu^ing  the  distances  measured  to  the  ri^t 
hand  of  HI  ana  above  FE  as  positive;  those  to  the  left  hand  of  HI  and  below  FE 
as  negative. 

An  exemplification  of  this  system  is  found  in  the  chart,  on  which  FE  is  represented 
by  the  equator,  HI  by  the  prime  meridian;  the  coordinates  x  and  y  being  the  longitude 
and  latitude  of  the  point  A. 

232.  The  great  drcle  b  to  the  sphere  what  the  strught  line  is  to  the  plane; 
hence,  in  order  to  define  the  portion  oi  a  point  on  the  surface  of  a  sphere,  some  great 
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circle  must  be  eelected  as  tbe  jminary,  and  some  particular  point  of  it  as  the  origin. 
Tliua,  in  figure  31,  which  represents  the  case  of  a  sphere,  some  fixed  great  circle, 
CBQ,  is  selected  as  the  axis  and  called  the  primary;  and  a  point  C  is  chosen  as  the 
origin.  Ilien  to  de£ne  the  position  of  any  point  A,  tbe  ab- 
Bcissa  X  equals  the  distance  from  C  to  the  point  B,  where 
the  sec'ondary  great  circle  through  A  intersects  the  primary; 
the  ordinate  y  equals  tbe  distance  of  A  from  the  primary 
measuied  on  the  secondary — that  b,  x  =  CB  and  y— ABl 

233.  In  tbe  case  of  the  earth,  tbe  primary  selected  is 
the  equator  (its  plana  being  perpendicular  to  the  earth's 
axis),  and  upon  this  are  measured  the  abscissffi,  while  upon 
the  secondaries  to  it  are  measured  the  ordioatee   of  all 
points  on  the  earth's  surface.    The  initial  point  tor  refer- 
ence on  the  equator  is  determined  by  the  prime  meridian 
chosen,  West  longitudes  and  North  latitudes  being  called 
posHive,  East  longitudes  and  South  latitudes,  neyaUve. 
234.  In  the  case  of  the  celestial  sphere,  there  are  four  systems  of  coordinates 
in  use  for  defining  the  position  of  any  point;  these  varv  according  to  the  cirde 
adopted  as  the  primaty  and  the  point  used  as  an  origin.    They  are  as  follows: 

1.  Altitude  and  azimuth. 

2.  Declination  and  hour  angle.  _ 

3.  Declination  and  right  ascen^on. 

4.  Celestial  latitude  and  longitude. 

_  235.  In  the  system  of  AUiiude  and  Asim/uih,  the  primary  circle  is  the  celestul 
horizon,  the  secondaries  to  which  are  the  veaiioal  circles,  or  circles  of  altitude.  The 
horizon  is  intersected  by  the  celestial  meridian  in  its  northern  and  soutbem  painti>, 
of  which  one — usually  that  adjacent  to  the  elevated  pole— is  E>elected  as  an  origin 
for  reckoning  coordinates.  The  azimuth  indicates  in  which  TM^oal  circle  the  point 
to  be  defined  is  found,  and  the  altitude  gives  the  position  of  the  point  in  that  curde. 
In  figure  29  the  point  M  is  located,  according  to  this  system,  by  its  azimuth  NH 
and  altitude  H&{. 

236.  In  the  system  of  Declination  and  Hour  Angle,  the  primary  cirote  is  the 
equinoctial,  the  secondaries  to  which  are  the  circles  of  declination,  or  hour  circles. 
The  point  of  ori^n  is  that  point  of  intersection  of  the  equinoctial  and  celestial 
meri£an  which  is  above  the  rorizon.  The  hour  angle  indicates  in  which  declina- 
tion circle  the  point  to  be  defined  is  found,  and  the  declination  gives  the  position 
of  the  point  in  that  circle.  In  figure  29  the  point  M  is  located,  according  to  this 
system,  by  its  hour  angle  QD  and  declination  DM. 

287.  In  the  system  of  DedinaHon  and  Bighi  Aacennon,  the  primary  and  seconda- 
ries are  the  same  as  in  the  system  just  described,  but  the  point  of  origin  differs,  bcHog 
assumed  to  be  at  the  First  Point  of  Aries,  or  vernal  equinox.  The  right  ascension 
indicates  in  which  declination  circle  the  p<nnt  to  be  denned  maj^  be  found,  and  the 
declination  gives  tbe  position  in  that  circle.  In  figure  29  the  point  M'  is  located  by 
Viy,  the  right  ascensLon,  and  IVM',  tbe  declination.  It  should  he  noted  that  this 
system  differs  from  the  preceding  in  that  the  position  of  a  point  is  herein  referred  to 
a  fixed  point  in  the  celestial  spheie  and  is  independent  of  the  zenith  of  the  observer 
as  well  as  of  the  position  of  the  earth  in  its  diurnal  motion,  while,  in  the  system  of 
dechnation  and  hour  angle,  both  of  these  are  factors  jn  determining  the  coordinates. 

238.  In  the  system  of  Cehstial  Latitude  and  Longitude,  the  primary  circle  is  the 
echptic;  the  point  of  origin,  the  First  Point  of  Aries.  The  method  of  reckoning  by 
this  system,  which  is  of  only  slight  importance  in  Nautical  Astronomy,  will  appear 
from  the  definitions  of  celestial  latitude  and  longitude  already  given  (art.  229). 
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TOE  BXSCTAXrr. 

289.  The  sesiant  is  an  inatniment  for  measuring  the  an^e  between  two  objects 
by  brmgiDg  into  coincidence  at  the  eye  of  the  obeerver  rays  of  light  received  directly 
from  the  one  and  by  reflection  from  the  other,  the  measure  being  afforded  by  the 
inchnation  of  the  reflecting  surfacee.  By  reason  of  its  small  dimensions,  its  sccuracy, 
and,  above  all,  the  fact  that  it  does  not  require  a  permanent  or  s  stable  mounting 
but  is  available  for  use  under  the  conditions  existing  on  shipboard,  it  is  a  most 
important  instrument  for  the  purposes  of  the  navigator.  While  the  sextant  is  not 
capable  of  the  same  dogres  of  accuracy  as  fixed  instruments,  its  measurements  are 
sumciently  exact  for  navigation. 

240.  DESCRtFnoN. — ^A  usual  form  of  the  sextant  is  represented  ia  figure  32. 
The  frame  ia  of  brass  or  some  similar  alloy.    The  graduated  arc,  AA,  generally  of 
silver,  is  marked  in  appro- 
priate divisions;  in  the  nner  M 
sextants,  each  division  rep- 
resents 10',  and  the  vernier 
t^ords  a  means  of  reading 
to  10".     A  wooden  handle, 
H,  is  provided  for  holding 
the  instrument.     The  iiidex 
mirror,  M,  and  Tiorizon  mir- 
ror,  m,  are   of  plate  glass, 
and  are  silvered,  thougn  the 

Er  half   of    the  horizon  A 

is  left  plain  to  allow  A 
t  rays  to  pass  through 
unobstructed.  To  give 
greater  distinctness  to  the 
images,  a  small  telescope,  E, 
is  pmced  in  the  line  of  sight ; 
it  IS  supported  in  a  ring,  K, 
which  can  be  moved  by  a 
screw  in  a  direction  at  right 

angles  to  the  plane  of  the  sex-  r,o.  32. 

tant,  thus  shifting  the  axis 

of  the  telescope,  and  therefore  the  plane  of  reflection;  this  plane,  however,  always 
remains  parallel  to  that  of  the  instrument,  the  motion  of  the  telescope  being  intended 
merebr  to  regulate  the  relative  brightness  of  the  direct  and  reflected  image.  In  the 
ring,  K,  are  small  screws  for  the  purpose  of  adjusting  the  telescope  by  making  its  axis 

EaraJlel  with  the  plane  of  the  sextant.  The  vernier  is  carried  on  the  end  of  an  index 
ar  pivoted  beneath  the  index  mirror,  M,  and  thus  travels  along  the  graduated  scale, 
affording  a  measure  for  any  change  of  inclination  of  the  index  nnrror;  a  reading  glass, 
R,  attached  to  the  index  bar  and  turning  upon  a  pivot,  S,  facilitates  the  reading  of 
vernier  and  scale.  The  index  mirror,  M,  is  attached  to  the  head  of  the  index  bar,  with 
its  surface  perpendicular  to  the  plane  of  the  instrument;  an  adjusting  screw  is  fitted 
at  the  back  to  permit  of  adjustment  to  the  perpendicular  plane.  The  fixed  glass  m, 
half  silvered  and  half  plain,  is  called  the  horieoa  glass,  as  it  is  through  this  that  the 
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horizon  is  observed  in  measuring  altitudes  of  celestial  bodies;  it  is  provided  -with 
screws,  by  which  its  perpendicularity  to  the  plane  of  the  instrument  may  be 
adjusted.  At  F  and  Q  ore  colored  glasses  of  different  shades,  which  may  be  used 
separately  or  in  combination  to  protect  the  ere  from  t^e  intense  light  of  the  sun. 
In  order  to  observe  with  accuracy  and  make  we  images  come  precise^  in  contact,  a 
tanaeiU  screw,  B,  is  fixed  to  the  index,  by  means  of  which  the  latter  may  be  movBd 
witn  greater  precision  than  by  hand:  but  thie  screw  doea  not  act  until  the  index  ia 
fixed  by  the  screw'C  at  die  back  of  the  sextant ;  when  the  index  is  to  be  moved  any 
considerable  amount,  the  screw  C  is  loosened;  when  it  is  brought  near  to  its 
required  position  the  screw  must  be  tightened,  and  the  index  may  then  be  moved 
gradually  by  the  tangent  screw. 

Besides  the  telescope^  E,  the  instrument  is  usually  provided  with  an  inverting 
telescope,  I,  and  a  tube  without  glasses,  F:  also,  with  a  cap  carrying  colored  glassee, 
which  may  be  put  on  the  eye  end  of  the  tetescopej  thus  dispensing  with  the  necessitPr 
for  the  use  of  the  colored  snades,  F  and  Q,  and  ehminsting  any  poaaible  errors  whidi 
might  arise  from  nonparallelism  of  their  surfaces. 

The  latest  type  of  sextant  furnished  to  the  United  States  Na-ry  is  fitted  with  an 
endless  tangent  scrow  which  carries  a  milometer  dram  from  which  the  seconds  of 
aro  are  read.  By  pressuro  of  the  thumb  the  tangent  screw  is  roleased  and  the  index 
bar  may  be  moved  to  any  position  on  the  aro  by  hand,  where  the  tan^nt  screw  is 
^ain  thrown  into  gear  by  releasing  the  pressure  of  the  thumb.  The  endless  tangoit 
screw  is  accompUshed  by  cutting  tne  edge  of  the  aro  with  the  worm  teeth  into  which 
the  tangent  screw  gears.  At  night  the  reading  of  this  sextant  is  facilitated  by  a 
small  electric  light  carried  on  it  and  supplied  by  a  battery  contained  in  the  handle. 

241.  The  vernier  is  an  attachment  for  facilitating  tne  exact  reading  of  the  scale 
of  a  sextant,  by  wluch  ah()uot  parts  of  the  smallest  mvisions  of  the  graduated  scale 
are  measured.  The  principle  of  the  sextant  vernier  is  identical  with  that  of  the 
barometer  vemiel-,  a  complete  description  of  which  will  be  found  in  article  52,  Chapter 
II.  The  are  of  a  sextant  la  usually  divided  into  120  or  more  parts,  each  division 
representing  1°;  each  of  these  degree  division.s  is  further  subdivided  to  an  extent 
dependent  upon  the  accuracy  of  reading  of  which  the  sextant  is  capable.  In  the 
instniments  for  finer  work,  the  divisions  of  the  scale  correspond  to  10  each^  and  the 
vernier  covers  a  length  corresponding  to  59  such  divisions,  which  is  subdivided  into 
60  parts,  thus  permitting  a  reading  of  10*;  all  sextants,  however,  are  not  so  closely 
graduated. 

Whatever  the  limits  of  subdivision,  all  sextants  are  fitted  with  verniers  which 
contain  one  more  division  than  the  length  of  scale  covered,  and  in  which,  therefore, 
scale-reacUngs  and  vernier-readings  increase  in  the  same  direction — towutl  the  Wt 
hand.  To  read  any  sextant,  it  is  merely 
necessary  to  observe  the  scale  division  next 
below,  or  to  the  right  of,  the  zero  of  the 
vernier,  and  to  add  thereto  the  acglecor- 
responding  to  that  division  of  the  vernier 
scale  whiui  is  most  nearly  in  exact  coin- 
cidence widi  a  division  of  the  instrument 
scale. 

2i2.  Optical  Princifub. — ^When  a 
ray  of  Ught  is  reflected  from  a  plane  surface, 
the  angle  of  iacidence  is  equal  to  the  angle 
of  reflection.  From  this  it  may  be  proved 
that  when  a  ray  of  light  unaergoee  two 
reflections  in  the  same  ^ane  the  angle  be- 
tween its  first  and  its  last  direction  is  equal  to  twice  the  inclination  of  the  reflecting 
surfaces.    Upon  this  fact  the  construction  of  the  sextant  is  based. 

In  figure  33,  let  B  and  C  represent  respectively  the  index  mirror  and  horizon 
mirror  of  a  sextant;  draw  EF  perpendicular  to  B,  and  CF  perpendicular  to  C;  then 
the  angle  CFB  represents  the  inclmation  of  the  two  mirrors.  Suppose  a  ^^J^  Pro- 
ceed from  A  and  undergo  reflection  at  B  and  at  C,  its  last  direction  being  CD;  then 
ADO  is  the  angle  between  its  first  and  last  directions,  and  we  desire  to  prove  that 
ADC  =  2  CFB. 
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From  the  equality  of  the  angles  of  inddence  and  reflection: 

ABE-EBC,  and  ABC-2EBC; 
BCF-FCD,  aod  BCD-2  BCF. 

From  Geometry: 

ADC  -  ABC  -  BCD  -  2  (EBC  -  BCF)  -  2  CFB, 

which  ia  the  relation  that  was  to  be  proved. 

213.  In  the  sextant,  since  the  index  mirror  ia  immovably  attached  to  the  index 
arm,  which  also  carries  the  vernier,  it  follows  that  no  change  can  occur  in  the  inchna- 
tion  between  the  index  mirror  and  the  horizon  mirror,  eiceptii^  such  as  ia  registered 
by  the  travel  of  the  vernier  upon  the  scale. 

If,  when  the  index  mirror  is  so  placed  that  it  ia  nearly  parallel  with  the  horizon 
mirror,  an  observer  direct  the  telescope  toward  some  well-defined  object,  there  will 
be  seen  in  the  field  of  view  two  separate  images  of  the  object;  and  if  the  inclination 
of  the  index  mirror  be  slightly  changed  by  moving  the  index  bar,  it  will  be  seen  that 
while  one  of  the  images  remains  fixed  the  other  moves,  l^e  fixed  image  is  the  direct 
one  seen  through  the  imsilvered  part  of  the  horizon  ^lass,  while  the  movable  image 
is  due  to  rays  reflected  by  the  index  and  horizon  nuTTors.  When  the  two  images 
coincide  these  mirrors  must  be  parallel  (assuming  that  the  object  is  sufficientlv  distant 
to  disregard  the  space  which  separates  the  mirrors;  in  this  position  of  the  index 
mirror  the  vernier  indicates  the  true  zero  of  the  scale.  If,  however,  instead  of 
obeerring  a  single  object,  the  instnmient  is  so  placed  that  the  direct  ray  from  one 
object  appears  m  coincidence  with  the  reflected  ray  of  a  second  object,  then  the  true 
ftnpe  between  the  objects  will  be  twice  the  angle  of  inclination  between  the  mirrors, 
or  twice  the  angle  measured  by  the  vernier  from  the  true  zero  of  the  scale.  To  avoid 
the  necessity  of  doubling  the  angle  on  the  scale,  the  latter  is  so  marked  that  each 
half  d^ree  appears  as  a  whole  a^ree,  whence  its  indications  give  the  whole  angle 
directly. 

244.  Adjustments  of  the  Sextant. — ^Tlio  theory  of  the  sextant  requires  that, 
for  accurate  indications,  the  following  conditions  be  fulfilled: 

(a)  The  two  surfaces  of  each  mirror  and  shade  glass  must  be  parallel  planes. 

(6)  Hie  graduated  aro  or  limb  must  be  a  plane,  arid  its  graduations,  as  well  as 
those  of  the  vernier,  must  be  exact. 

(c)  The  axis  must  be  at  the  center  of  the  limb,  and  perpendicular  to  the  plane 
thereof. 

id)  The  index  and  horizon  glasses  must  be  perpencUcular,  and  the  line  of  sight 
parallel  to  the  plane  of  the  limb. 

Of  these,  only  the  last  named  ordinarily  require  the  attention  of  the  navigator 
who  ia  to  make  use  of  the  sextant;  the  others,  which  may  be  called  the  permanerd 
odju3tment6,  should  be  made  before  the  instrument  leaves  the  hands  of  the  maker, 
and  with  careful  use  will  never  be  deranged. 

245.  The  Adjustment  of  the  Index  Mtrror  consists  in  making  the  reflecting 
surface  of  this  mirror  truly  perpendicular  to  the  plane  of  the  sextant.  In  order  to 
test  this,  set  the  index  near  the  middle  of  the  arc,  then,  placing  the  eye  very  nearly 
in  the  plane  of  the  sextant  and  close  to  the  index  mirror,  observe  whether  the  direct 
image  of  the  arc  and  its  image  reflected  from  the  mirror  appear  to  form  one  continuous 
arc ;  if  so,  the  glass  is  perpendicular  to  the  plane  of  the  sextant;  if  the  reflected  image 
appears  to  droop  from  the  aro  seen  directly,  the  glass  leans  backwaid;  if  it  seems  to 
nse,  the  glass  leans  forward.  The  adjustment  is  made  by  the  screws  at  the  back  of 
the  mirror. 

246.  The  AdjustmeTU  of  (A«  Horizon  Jfirror  consists  in  making  the  reflecting 
surface  of  this  mirror  perpendicular  to  the  plane  of  the  sextfmt.  lue  index  mirror 
having  been  adjusted,  if,  m  revolving  it  by  means  of  the  index  arm,  there  is  found 
coe  position  in  which  it  is  parallel  to  the  horizon  glass,  then  the  latter  must  also  be 
popendtcular  to  tiie  plane  of  the  sextant.  In  order  to  test  this,  put  in  the  telescope 
and  direct  it  toward  a  star;  move  the  index  until  the  reflected  image  appeals  to  pass 
tfae  direot  image;  if  one  passes  directly  over  the  other  the  mirrors  must  be  panulel; 
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if  one  passes  on  either  side  of  the  other  the  horizon  gloss  needs  adjusbnent,  which  is 
accompliahed  by  means  of  the  screws  attached. 

The  sea  horizon  may  also  be  used  for  making  this  adjustment.  Hold  the  sextant 
TerticaUy  and  bring  the  direct  and  the  reflected  images  of  the  horizon  line  into  coin- 
cidence; then  incline  the  sextant  until  ita  plane  makes  but  a  small  angle  with  the 
horizon;  if  the  images  still  coincide  the  glasses  are  parallel;  if  not,  the  horizon  glass 
needs  adjustment. 

247.  The  Adjustment  of  the  Telescope  must  be  so  made  that,  in  measuring 
angular  distances,  the  line  oi  sight,  or  axis  of  the  telescope,  shall  be  parallel  to  the 
pliuie  of  the  instrument,  aa  a  (Aviation  in  that  respect,  in  measuring  large  angles, 
will  occasion  a  considerable  error.  To  avoid  such  error,  a  telescope  la  employed  in 
which  are  placed  two  wires,  parallel  to  each  other  and  equidistant  from  tne  centw 
of  the  telescope;  by  means  of  these  wires  the  adjustment  may  be  made.  Screw  on 
the  telescope,  and  turn  the  tube  containing  the  eyeglass  till  the  wires  are  parallel 
to  the  plane  of  the  instrument;  then  select  two  clearly  defined  objects  whose  angular 
distance  must  be  not  less  than  90°,  because  an  error  is  more  eaaly  discovered_  when 
the  angle  is  great;  brine  the  reflected  image  of  one  object  into  exact  coincideDoe 
with  the  direct  image  ofthe  other  at  .the  inner  wire;  then,  by  altering  slightly  the 
position  of  the  instrument,  make  the  objects  appear  on  the  other  wire ;  if  the  contact 
still  remains  perfect,  the  axis  of  the  telescope  is  in  its  right  situation;  but  if  the  two 
objects  appear  to  separate  or  lap  over  at  the  outer  wire  the  telescope  is  not  parallel, 
and  it  must  be  rectlBed  by  turning  one  of  the  two  screws  of  the  ring  into  which  the 
telescope  is  screwed,  having  previously  unturned  the  other  screw;  by  repeating  this 
operation  a  few  times  the  contact  will  be  precisely  the  same  at  both  wires,  and  the 
axis  of  the  telescope  will  be  parallel  to  the  plane  of  the  instrument. 

Another  method  of  makme  this  adjustment  is  to  place  the  sextant  upon  a  table 
in  a  horizontal  position,  look  along  the  plane  of  the  limb,  and  make  a  mark  upon  a 
wall,  or  other  vertical  surface,  at  a  distance  of  about  20  feet;  draw  another  Aiark 
above  the  first  at  a  distance  equal  to  the  height  of  the  axis  of  the  telescope  above 
the  plane  of  the  limb;  then  so  adjust  the  telescope  that  the  upper  mark,  as  viewed 
through  the  telescope,  falls  midway  between  the  wires.  Some  sextants  are  accom- 
panied by  small  sights  whose  height  is  exactly  equal  to  the  distance  between  the 
telescope  and  the  plane  of  the  limb ;  by  the  use  of  these,  the  necessity  for  employing 
ih.e  second  mark  is  avoided  and  the  adjustment  can  be  very  accurately  made. 

248.  The  errors  which  arise  from  defects  in  what  have  been  denominated  the 
permaneni  adjuatments  of  the  sextant  may  be  divided  into  three  classes,  namely: 
Errors  due  to  faulty  centering  of  the  axis,  called  eceeniricity;  errors  of  graduation; 
and  errors  arising  from  lack  oi  parallelism  of  surfaces  in  index  mirror  and  in  shade 
passes. 

Tlie  errors  due  to  eccentricitv  and  faultv  graduation  are  constant  for  the  same 
angle,  and  should  be  determined  once  for  all  at  some  place  where  proper  facilities 
for  doing  the  work  are  at  hand;  these  errors  can  only  be  ascertained  by  measurinfF 
known  angles  with  the  sextant.  If  angles  of  10",  20°,  30°,  40°,  etc.,  are  first  laid 
off  with  a  theodoUte  or  similar  instrument  and  then  measured  by  the  sextant,  a 
table  of  errors  of  the  sextant  due  to  eccentricity  and  faulty  graduation  may  be  made, 
and  the  error  at  any  intermediate  angle  found  by  interpolation;  this  table  will 
include  the  error  of  graduation  of  the  theodolite  and  also  the  error  due  to  inaccurate 
reading  of  the  sextant,  but  such  errors  are  small.  Another  method  for  determining 
the  combined  errors  of  eccentricity  and  graduation  is  by  measuring  the  angular 
distance  between  stars  and  comparing  the  observed  and  the  computed  arc  between 
them,  but  this  process  is  liable  to  inaccuracies  by  reason  of  the  uncertainty  of  allow- 
ances for  atmospheric  refraction. 

Errors  of  graduation,  when  lai^e,  may  be  detected  by  "stepping  off"  distances 
on  the  graduated  arc  with  the  vernier;  place  the  zero  of  the  vermor  in  exact  coinci- 
dence with  a  division  of  the  arc,  and  observe  whether  the  final  divi^on  of  the  vernier 
also  coincides  with  a  division  of  the  arc;  this  should  he  tried  at  numerous  positions 
of  the  graduated  limb,  and  the  agreement  ought  to  be  perfect  in  every  case. 

The  error  due  to  a  prismatic  index  mirror  may  be  found  bv  measurine  a  certain 
unchangeable  angle,  then  ta^ng  out  the  glass  and  turning  tbe  upper  edge  down, 
and  measuring  the  angle  again;  half  the  difference  of  these  two  measures  will  be 
the  eiTor  at  that  angle  due  to  the  tnirror.    From  a  number  of  meaaurea  of  an^^ee 
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in  this  majmOT,  a  table  sunilar  to  the  one  for  eceentricity  and  faulty  graduation  can 
be  made;  or  the  two  tables  may  be  combined.  When  possible  to  avoid  it,  however, 
no  sextant  should  be  used  in  which  there  is  an  index  mirror  which  produces  a  greater 
error  than  that  due  to  the  probable  error  of  reading  the  scale.  Mirrors  having  a 
greater  angle  than  2"  between  their  faces  are  rejected  for  use  in  the  Umted  States 
Navy.  Index  mirrors  may  be  roughly  tested  by  noting  if  there  is  an  elongated 
image  of  a  well-defined  point  at  large  angles. 

Since  the  error  duo  to  a  prismatic  horizon  mirror  is  included  in  the  index  cor- 
rection (art.  249),  and  consequently  applied  alike  to  all  ai^es,  it  may  be  neglected. 

£rrors  due  to  prismatic  shade  glasses  can  be  detennined  by  measuring  angles 
with  and  without  the  shade  glasses  and  noting  the  difference.  They  may  also  be 
determined,  where  the  glasses  are  bo  arranged  that  they  can  be  turned  through  an 
angle  of  180°,  by  measuring  the  angle  first  with  the  glass  in  its  usual  position  and 
tlien  reversed,  and  taking  the  mean  of  the  two  as  the  true  measure. 

249.  Index  Ebbob. — The  Index  Error  of  a  sextant  is  the  error  of  its  indications 
doe  to  the  fact  that  when  the  index  and  horizon  mirrors  are  parallel  the  zero  of  the 
Temier  does  not  coincide  with  the  zero  of  the  scale.  Having  made  the  adjustmente 
ai  the  index  and  horizon  mirrors  and  of  the  telescope,  as  previously  descnbed,  it  is 
necessary  to  find  that  point  of  the  arc  at  which  the  zero  of  the  vermer  falls  when  the 
two  mirrors  are  parallel,  for  all  angles  measured  by  the  sextant  are  reckoned  from 
that  point.^  If  this  poyit  is  to  thelleft  of  the  zero  of  the  limb,  all  readings  will  be 
too  great;  if  to  the  right  of  the  zero,  bH  readings  wiU  be  too  small. 

If  desirable  that  me  reading  should  be  zero  when  the  mirrors  are  parallel,  place 
the  zero  of  the  yemier  on  zero  of  Ute  arc;  then,  by  means  of  the  adjusting  screws  of 
the  horizon  glass,  move  that  glass  imtQ  the  direct  and  reflected  images  of  the  same 
object  coincide,  after  which  the  perpendicularity  of  the  horizon  gjass  should  again  be 
TNiSed,  as  it  may  have  been  deranged  by  the  operation.  This  adjustment  is  not 
flEBentitu^  since  the  correction  may  readily  oe  determined  and  applied  to  the  reading. 
In  certam  sextant  work,  however,  Buch  as  surveying,  it  will  be  very  convenient  to 
be  Tolieyed  of  the  necessity  of  correcting  each  angle  observed.  The  sextant  ^ould 
neyer  be  rejied  upon  for  maintaining  a  constant  index  correction,  and  the  error 
sboold  be  ascertained  frequently.  It  is  a  good  practice  to  verify  the  correction  each 
time  a  sight  is  taken. 

250.  The  Index  Correction  may  be  found  (a)  by  a  star,  (6)  by  the  sea  horizon, 
and  [e)  by  the  sun. 

(a)  Bring  the  direct  and  reflected  images  of  a  star  into  coincidence,  and  read  off 
the  arc.  The  index  correction  is  numerically  equal  to  this  reading,  and  is  positive 
or  neeatiye  according  as  the  reading  is  on  the  right  or  left  of  the  zero. 

$)  The  same  metliod  may  be  employed,  suratituting  for  a  star  the  Bea  horizon, 
thoudi  this  will  be  found  somewhat  l^s  accurate. 

(c)  Measure  the  apparent  diameter  of  the  sun  by  first  bringing  the  upper  limb 
of  the  reflected  image  to  touch  the  lower  limb  of  the  direct  image,  and  then  bringing 
the  ktwer  limb  of  the  reflected  image  to  touch  the  upper  Ittnb  m  the  direct  image. 

Denote  the  readings  in  the  two  cases  by  r  and  r;  then,  if  S  =  apparent  diameter 
of  tlie  son,  and  R  » the  reading  of  the  sextant  when  the  two  images  are  in  coincidence, 
we  have: 

r  "R+S, 
r'  =  R-S, 
R-i  (r  +  r'). 

As  R  represents  the  error,  the  correction  will  be  — R.  Hence  the  rule:  Mark  the 
readiiies  when  on  the  arc  with  the  negative  sign;  when  off,  with  the  poaiHve  sign; 
tbeai  the  index  correction  is  one-half  the  algebruc  som  of  the  two  readings. 

Example:  The  stm's  diameter  is  measured  for  index  correction  as  follows:  On 
the  arc,  31'  20*;  off  the  arc,  33'  IC.     Reqoired  the  correction. 


On  the  arc,      -31' 
Offtliean!,     +33 

10 

2)+    1 

50 

I.e.,       +  0 

55 
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351.  From  the  equfttions  prerioaafy  given,  it  is  seen  tliat: 

hence,  if  the  observations  are  coirect,  it  will  be  found  that  the  sun's  semidiamettf, 
as  given  in  the  Nautical  Ahnanao  for  the  da^  of  obeerration,  is  equal  to  one-half  the 
algebraic  difference  of  the  readings.    If  required  to  obtain  the  index  conrection  with 

E sat  precision,  several  obserrations  shoula  be  taken  and  themeau used,  the  accuracy 
ing  verified  by  comparing  the  tabulated  with  the  obeerved  senudiameter.  It  the 
sun  IB  low,  the  horizontal  Bemidiameter  should  be  observed,  to  prevent  ihe  uror  that 
may  arise  from  unequal  refraction, 

252,  Ubb  of  thb  Seitant. — ^To  measure  the  an^e  between  any  two  vimUe 
objecte,  point  the  telescope  toward  the  lower  one,  if  one  is  above  the  other,  or  towaid 
the  left-hand  one,  if  they  are  in  nearly  the  same  horizontal  plane.  Keep  this  object 
in  direct  view  through  the  unsilvered  part  of  the  horizon  glass,  and  move  the  index 
arm  tmtil  the  image  of  the  other  object  is  seen  by  a  double  reflection  from  the  index 
mirror  and  the  euvered  portion  of  the  horizon  ^ass.  Having  gotten  the  dk^et 
image  of  one  object  into  nearly  exact  contact  vrith  the  reflected  image  of  the  other, 
clamp  the  index  arm  and,  by  means  of  the  tans;ent  screw,  complete  ^e  adjustau<«it 
BO  that  the  contact  may  be  perfect;  then  read  the  limb. 

la  measuring  the  altitude  of  a  celestial  body  above  the  sea  horizon,  it  is  neceesary 
that  the  angle  shall  be  measured  to  that  point  of  the  horizon  which  lies  vertically 
beneath  the  object.  To  determine  this  pomt^  the  observer  should  move  the  instru- 
ment slight^  to  the  right  and  left  of  the  vertical,  swinsng  it  about  the  line  of  si^t 
as  an  axis,  taking  care  to  keep  the  object  in  the  midme  of  the  field  of  view,  "nie 
object  will  appear  to  describe  the  aro  of  a  circle,  and  the  lowest  point  of  this  arc 
marks  the  true  vertical. 

The  shade  glasses  should  be  employed  as  may  be  necessary  to  protect  the  eye 
when  obaerving  objects  of  dazzling  brimtnees,  such  as  the  sun,  or  the  horizon  when 
the  sun  is  reflected  from  it  at  a  low  altitude.  Care  must  be  taken  that  the  images 
are  not  too  bright  or  the  eye  will  be  so  affected  as  to  interfere  with  the  accuracy  ot 
the  observations, 

253.  Choice  op  Sbxtahts. — ^The  choice  of  a  sextant  should  be  governed  by  the 
kind  of  work  which  is  required  to  be  done.  In  rough  work,  such  as  surveying,  whwe 
angles  need  only  be  measured  to  the  nearest  30"  the  radius  maybe  as  small  as  6  im^eSr 
which  will  permit  easy  readini^  and  the  instrument  can  be  correepondindy  lightened. 
Whero  readings  to  10  are  desired,  as  in  nice  astronomical  woric,  the  radius  ^ould  be 
about  7^  inches,  and  the  instrument,  to  be  strongly  built,  should  weigh  about  3} 
pounds. 

The  parts  of  an  instrument  should  move  freely,  without  binding  or  grittii^.  The 
eyepieces  should  move  easily  in  the  telescope  tubes;  the  bracket  for  carrying  flie  tele- 
scope should  be  made  very  strong.  It  is  frequently  /ound  that  the  paruleliam  of 
the  line  of  sk;ht  is  destroyed  in  focusing  t^e  eyepiece,  either  on  account  of  the  loose- 
ness of  the  fit  or  because  of  the  telescope  bracket  being  weak.  The  vernier  should 
lie  close  to  the  limbs  to  prevent  parallax  in  reading.  If  it  is  either  too  loose  op  too 
tight  at  either  extremity  of  its  travel,  it  may  indicate  that  the  j)ivot  is  not  perpendicu- 
lar. The  balls  of  the  tangent  screw  should  fit  snu^y  in  their  sockets,  so  that  there 
may  be  no  lost  motion. 

Whero  possible,  the  sextant  BhouM  always  he  submitted  to  expwt  examination 
and  test  as  to  the  accuracy  of  its  permanent  adjustments  before  acceptance  by  the 
navigator. 

251.  Resiltekino  Hibbobs. — Occasion  may  sometlmee  ame  for  reeilvering  the 
mirrors  of  a  sextant,  as  they  are  always  Uable  to  be  damaged  by  dampness  or  other 
causes.  For  this  purpose  some  clean  tin  foil  and  mercury  aro  required.  Upon  a 
piece  of  glass  about  4  mchcs  square  lay  a  piece  of  tin  foil  whose  dimeuBious  exceed  bv 
about  a  quarter  of  an  inch  in  each  direction  those  of  the  glass  to  be  silvered ;  smooto 
out  the  foil  carefully  by  rubbing;  put  a  small  drop  of  mercury  on  the  foil  and  spread 
it  with  the  finger  over  the  entire  surface,  being  careful  that  none  shall  find  ita  wa^ 
under  the  foil;  then  put  on  a  few  more  drops  of  mercury  until  the  whole  surface  ts 
fluid.  The  glass  which  is  to  be  silvered  having  been  carefully  cleaned,  it  should  be 
laid  upon  a  piece  of  tissue  paper  whose  edge  just  coveis  the  edge  <n  the  f<nl  and 
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tnosferred  carefully  from  the  paper  to  Uie  tin  foil,  a  gentle  preesure  being  Joipt  upon 
the  glasB  to  avoid  the  formation  of  bubbles;  finally,  place  the  mirror  face  downward 
and  leave  it  in  an  inclined  position  to  allow  the  surplus  mercuiT  to  flow  off,  the  latter 
opwation  being  hastened  by  a  strip  of  tin  foil  at  its  lower  edge.  After  five  or  eix 
houis  the  tin  foil  around  tne  edgee  may  be  removed,  and  the  next  da^  a  coat  of 
Tamish  made  from  spirita  of  wine  and  red  sealing  wax  should  be  (ipphed.  For  a 
horizon  mirror  care  must  be  taken  to  avoid  silvermg  the  plain  half.  The  mercury 
drawn  from  the  foil  should  not  be  placed  with  clean  mercury  with  a  view  to  use  in  the 
artificial  horizon  or  the  whole  will  be  spoiled. 

255.  Octants  and  Qdintants. — Properly  speaking,  a  sextant  is  an  instrument 
vboee  arc  covers  one-sixtii  of  a  complete  circle,  and  wxuch-  is  therefore  capable  of 
measuring  an  angle  of  120°.  Other  instruments  are  made  which  are  identical  in 
principle  with  the  sextant  as  heretofore  deacribed,  and  which  differ  from  that  instru- 
ment oidy  in  the  length  of  the  arc.  These  are  tJie  octant,  an  eighth  of  a  circle,  by 
which  anglee  may  be  measured  to  90°,  and  the  quiTUant,  a  fifth  of  a  circle,  whicn 
measureB  angles  up  to  144°.  The  distinction  between  these  ioatrumenta  is  not 
always  carefully  made,  and  in  such  matters  as  have  been  touched  upon  in  the  fore- 
gtnng  articles  the  sextant  may  be  regarded  as  the  type  of  all  kindred  reflecting 
mstnunents. 

THB  AXrmaLLL  HOBIZON. 

256.  The  ArHfa^  Boriam  is  a  small,  rectangular,  shallow  basin  of  mercury, 
over  which,  to  protect  the  mercury  from  agitation  by  the  wind,  is  placed  a  roof 
(XHuisting  of  two  platee  of  ^asa  at  ri^bt  angles  to  each  other.  The  mercury  affords 
a  parfecUy  horizMital  surface  which  u  at  tne  same  time  an  excellent  mirror.  The 
dmereot  parts  of  an  artificial  horison  are  furnished  in 
a  OHupact  form,  a  metal  bottie  hting  provided  for 
eontaining  the  mwcun'  when  not  in  use,  together 


If  MN,  in  figure  34,  is  the  horizontal  surface  of 
)  menmrr;  S'B  a  ray  of  light  from  a  cdestial 
object,  inciaent  to  the  surface  at  B ;  BA  the  reflected 
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rsy^  then  an  obaerver  at  A  will  receive  the  ray  BA 
as  if  it  proceeded  from  a  point  S',  whose  angular 
d^iression,  MBS',  bdow  the  horizontal  plane  is 
equal  to  the  altitude,  MBS',  of  the  object  above 
mat  plane.  If,  then,  SA  is  a  direct  ray  from  the 
object  pu^el  to  S'B,  an'observer  at  A  can  measure 
with  tiie  sextant  the  ande  SAS*  -  S'BS*  -  2  S'BM,  by 
bringing  the  image  of  the  object  reflected  by  the 
index  mirror  into  coincidence  with  the  image  S'  re- 
flected by  the  mercury  and  seen  through  the  horizon 
riaas.  The  instrumental  measure,  corrected  for  in- 
dsE  error,  will  be  double  the  apparent  altitude  of  the 
body. 

The  Bun's  altitude  will  be  measured  by  bringing  the  lower  limb  of  one  image  to 
touch  the  upper  hmb  of  the  other.  Half  the  corrected  instrumental  reading  wm  be 
the  apparent  altitude  of  the  sim'a  tower  or  upper  limb,  according  as  the  lower  or  upper 
Hmb  ot  the  r^eOed  image  was  the  one  emploved  in  the  observation. 

In  observations  of  the  sun  with  the  artincial  horizon,  the  eye  is  protected  by  a 
■ingle  dark  glass  over  the  eyepiece  of  the  telescope  through  which  direct  and  reflected 
rays  must  pass  alike,  thereby  avoiding  the  errors  that  might  possibly  arise  from  a 
diowance  in  the  separate  shade  glasses  attached  to  the  frame  of  the  sextant. 

The  glassee  in  the  roof  over  the  mercury  should  be  made  of  plate  glass,  with 
perfectly  parallel  faces.  If  they  are  at  all  prismatic,  the  observed  altitude  will  be 
nroneouB.  The  error  may  be  removed  by  observing  a  second  altitude  with  the  roof 
nvsrsed,  and,  in  general,  by  taking  one-half  of  a  set  of  observations  with  the  roof  in 
ene  position  and  uie  other  half  with  the  roof  reveraed.  Oti  the  rare  occasions  when 
the  atffioenhere  is  so  calm  that  the  unsheltered  mercury  will  remain  tmdisturbed, 
most  satisfactory  observations  may  be  made  by  leaving  off  the  roof. 
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257.  In  settong  ap  an  artificifU  horizon,  care  should  be  taken  that  the  basin  is 
free  from  dust  and  other  foreign  matter,  aa  amall  particles  floating  upon  the  Emrface 
of  the  mercury  interfere  with  a  perfect  reflection.  The  basin  should  be  so  placed 
that  its  longer  edge  lies  in  the  direction  in  which  the  obeerred  body  will  bear  at  the 
middle  of  the  obserrations.  The  spot  selected  for  taking  the  sights  should  be  aa 
free  as  posmble  from  causes  which  will  produce  vibration  of  the  mercury,  and  pre- 
cautions should  be  taken  to  shelter  the  horizon  from  the  wind,  as  the  mere  placing 
of  the  roof  will  not  ordinarily  be  sufficient  to  accomplish  this.  Embedding  me  rom 
in  earth  serves  to  keep  out  the  wind,  while  setting  the  whole  horizon  upon  a  thick 
towel  or  a  piece  of  such  material  as  heavy  felt  usuuly  affords  ample  protection  from 
wind,  t^ids  to  reduce  the  vibrations  from  mechanical  shocks,  and  also  aids  in  keeping 
out  the  moisture  from  the  ground.  In  damp  cUmatee  the  roof  should  be  kept  dry 
by  wiping,  or  the  moisture  deposited  from  the  inclosed  air  will  form  a  cloud  upon 
the  glass. 

Molasses,  oil,  or  other  viscous  flmd  may,  idien  necessary,  be  employed  as  a 
substitute  for  mercurv. 

858.  Owing  to  the  perfection  of  manufacture  that  is  required  to  insure  accnracv 
of  results  with  the  artificifU  horizon,  navigators  are  advised  to  accept  only  sucn 
instrument  aa  has  satisfactorily  stood  tiie  necessary  teete  to  prove  the  correctness  ct 
its  adjustment  as  regards  the  passes  of  the  roof. 


259.  The  ChroTwmeUr  is  simply  a  correct  time  measorer,  differing  ham  an 
ordinaiT  watch  in  having  the  force  of  ita  munspring  rendered  uniform  by  meuia  of 
a  variaBle  lever.  Owing  to  the  fact  that  on  a  sea  voyage  a  chronometer  is  exposed 
to  many  changes  of  temperature,  it  is  furnished  with  an  expansion  balance,  f(»med 
of  a  combination  of  metals  of  different  expanmve  qualities,  which  produce  the 
required  compensation.  In  order  that  its  working  may  not  be  deranged  by  the 
motion  of  the  ship  in  a  seaway,  the  instrument  is  carried  in  gimbals. 

As  the  r^ularit^  of  the  cnronometer  is  essential  for  the  correct  detenninatkni 
of  a  ship's  position,  tt  is  of  the  greatest  importance  that  every  precaution  be  talun 
to  insure  the  accuracy  of  its  indications.  There  is  no  more  certain  way  of  doing 
this  than  to  provide  a  vessel  with  several  of  these  instruments — pnuferably  not  leas 
than  three — m  order  that  if  an  irr^ularity  develop  in  one,  the  fact  may  be  revealed 
by  the  others. 

S0O.  Cabb  op  Chbonohetebs  on  Shipboabd. — ^The  box  in  which  the  chro- 
nometers are  kept  should  have  a  permanentplace  as  neu-  as  practicable  to  the  centia- 
of  motion  of  the  ship,  and  where  it  will  be  free  from  ezcesave  shocks  and  jars,  such 
as  those  that  arise  m>m  the  en^es  or  from  the  firing  of  heavy  guns;  the  location 
should  be  one  free  from  sudden  and  extreme  changes  of  temperatura^  and  as  far 
removed  as  possible  from  masses  of  vertical  iron.  The  box  ^ould  contam  a  separate 
compartment  for  each  chronometer,  and  each  compartment  should  be  llnea  wiUi 
baize  cloth  padded  with  curled  hair,  for  the  double  pun)ose  of  reducing  shocks  and 
equalizing  tne  temperature  within.  An  outer  cover  of  baize  cloth  should  be  pro- 
vided for  the  box,  and  this  should  be  changed  or  dried  out  frequently  in  damp 
weather.  The  chnmometers  should  all  be  pCtced  with  the  XH  mark  in  the  same 
position. 

For  transportation  for  short  distances  by  hand,  an  instrument  diould  be  rigidly 
clamped  in  its  gimbals,  for  if  left  free  to  swing,  its  performance  may  be  deranged  by 
the  violent  osculations  that  are  imparted  to  it. 

For  transportation  for  a  considerable  distance,  as  b^  express,  the  ehronometer 
should  be  allowed  to  run  down,  and  should  then  be  dismounted  and  the  baluiee 
corked. 

261.  Since  it  is  not  possible  to  make  a  perfect  instrument  which  will  be  unin- 
fluenced by  the  disturbing  causes  incident  to  a  sea  voyage,  it  becomes  the  du^  of 
the  navigator  to  determine  the  error  and  to  keep  watch  upon  the  variable  rate  of  the 
chronometer. 

The  error  ofihe  chronom^er  is  the  difference  between  the  time  indicated  and  the 
standard  time  to  which  it  is  referred — ^usually  Greenwich  mean  lime. 

The  amount  the  chronometer  gaint  at  lota  daily  is  the  da^y  nU^ 
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The  indications  of  a  chronometer  at  any  eiven  instant  require  a  correction  for 
the  accmnnlated  error  to  t^at  instant;  and  t&js  can  be  found  if  the  error  at  any 
given  time^together  with  the  duly  rate,  are  known. 

262.  WiKDma. — Chronometers  are  ordinarily  constmcted  to  nm  for  56  hours 
without  rewinding,  and  an  indicator  on  the  face  always  shows  how  many  hours 
have  elapsed  ance  the  last  winding.  To  insure  a  uniform  rate,  they  must  be  wound 
regularly  ewy  day,  and,  in  order  to  avoid  the  serious  consequences  of  th^  running 
down,  uie  navigator  should  take  some  means  to  guard  agunst  neglecting  this  duty 
throu^  a  fault  of  memory!  To  wind,  turn  the  chronometer  gently  on  its  ride^ 
enter  the  key  in  its  hole  and  push  it  home^  steadying  the  instrument  with  the  hand, 
aUd  wind  to  the  left,  the  last  half  turn  bemg  made  so  as  to  bring  up  gently  against 
the  stop.  After  winding,  cover  the  keyhole  and  return  the  instrument  to  ite  n&toral 
position.  Qironometeis  should  ^waya  be  wound  in  the  same  order  to  prevent 
omisuons,  and  tiie  precaution  taken  to  inspect  the  indicators,  as  a  further  assurance 


(rf  tiie  propOT  performance  of  the  operation. 
Alter  winding  each  day,  the  a 


_  e  comparisons  should  be  made,  and,  with  the  reading 
of  the  maximum-and-minimum  thermonwter  and  other  necessary  data,  recorded  in 
a  book  kept  for  the  purpose. 

The  maximum-and-minimum  thermometer  is  one  so  arranged  tJiat  its  highest 
tnd  lowest  readings  are  marked  by  small  steel  indices  tlut  remain  in  place  until 
reset.  Eveor  chronometer  box  should  be  provided  with  such  an  instrument,  as  a 
knowledge  of  the  temperature  to  which  chronometers  have  been  subjected  is  essential 
in  any  analysis  of  the  rate.  To  draw  down  the  indices  for  the  puipose  of  resetting, 
a  magnet  is  used.  This  magnet  should  be  k^t  at  all  times  at  s  <ustance  from  the 
chnmometers.  • 

S63.  CoifPAsisON  or  Chbonokshebs.' — ^The  instmment  bdieved  to  be  the  beet 
is  regarded  as  the  Standard,  and  each  other  is  compared  with  it.  It  is  usual  to  demg^ 
nate  the  Standard  as  A,  and  the  others  aa  B,  C,  etc.  Oironometers  are  made  to 
beat  half  seconds,  and  any^  two  may  be  compared  by  ft^wing  the  beat  of  one  with 
the  ear  and  of  the  other  with  the  eye. 

To  make  a  compuison,  say  of  A  and  6,  open  the  boxes  of  these  two  instruments 
and  close  all  others.  Qet  the  cadence  and,  commencing  when  A  has  just  completed 
the  b«at  of  some  even  S-second  division  of  the  dial,  count  "half-one-half-two-half- 
three-4iBlf-four-hstf-£ve,"  glancing  at  B  in  time  to  note  the  pomtion  of  its  second  baud 
at  the  last  count;  the  seconds  indicated  by  A  wiU  be  five  greater  than  IJie  number 
at  the  b^finning'  of  the  count.  The  hours  and  nunutee  are  also  recorded  for  each 
chronometo',  ana  the  subtraction  made.  A  good  check  upon  the  accuracy  is  afforded 
by  repeating  the  operation,  taking  the  tick  ttom  B. 

Where  necessary  for  exact  work,  it  is  possible  to  estimate  the  fraction  between 
beats,  and  thus  make  the  comparison  to  tenths  of  a  second;  but  the  nearest  half 
second  is  sufficiently  exact  for  the  purposes  of  ordinary  navigation  at  sea. 

264.  The  following  form  represents  a  convenient  meUiod  of  recording  com- 
parisons: 


Stans.  a,  No.  77T. 


Cbeo.  B,  No.  15W. 


Dii^na). 

cnniMApiii. 

C11IO.B 

with 

BUnLA. 

Udn. 

sSI 

addu. 

niMra. 

Bm. 

—. 

tfut. 

HID 

Air. 

'-T' 

StMMl.A. 
BandC. 

Diflmnce. 

1  13  40 
1  12^1.8 

; 

^1 17^ 

2  04  11 

^ 

03 

69 

ao 

90.07 

Faand   flnon 

118.S 

11  10  00 

2 

Btud.A. 
BiadC. 

Diffawr.ce. 

1  16  30 
1  15  10 

+1.6 

117  00 
2  Oa  61. 6 

-0.5 

04 

68 

67 

SO.  12 

L«ft    N9W 
York  lor 
San  Juan, 
P.R. 

1  20 

11  10  08.  S 
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265.  The  aeoond  iifferenee  in  ihe  form  is  the  difference  between  the  oon^uisons 
of  the  same  instruments  for  two  Bucceflsive  daTS.  When  a  Tessel  is  equ^iped  witb 
only  one  chronometer  there  is  nothing  to  indicate  any  irr^uhuity  that  it  may  derelop 
at  sea — and  even  the  best  instruments  may  undergo  changes  from  no  apparent  cause. 
When  there  are  two  chronometers,  the  aecond  difference,  which  is  equal  to  the  algebntas 
difference  between  their  daily  rates,  remiuns  uniform  as  lon^  as  the  rates  remain 
uniform,  but  changes  if  one  of  the  rates  undeigoee  a  change;  in  such  a  case,  there  is 
no  means  of  knowing  which  chronometer  has  departed  from  its  expected  perfonnanoe, 
and  the  navigator  must  proceed  with  caution,  giving  due  faith  to  the  iudications  of 
each.  If,  however,  there  are  three  chronometers,  an  irregularitv  on  the  part  of  one 
is  at  once  located  by  a  comparison  of  the  second  differences.  Inus,  if  the  predicted 
rates  of  the  chronometers  were  such  as  to  give  for  the  second  difference  ol  A  —  B,  + 
1'.5,  and  of  A  ~  C,  —  0".6,supposeon  acertain  day  those  differences  were  +  4',5  and  —  0*.6, 
respectively;  it  would  at  once  be  suspected  that  the  irregulaxity  was  in  B,  and  that 
that  chronometer  had  lost  3*  on  its  normal  rate  during  the  preceding  day.  Suppose, 
however,  the  second  differences  were  +4* .6  and  +2* .6;  it  would  wen  be  apparent 
that  A  badgained  3*. 

266.  IxMPBRATDBB  CuBTSs. — Notwithstanding  the  care  taken  to  eliminate  tha 
effect  of  a  diange  of  temperature  upon  the  rate  of  a  chronometer,  it  is  rare  that  an 
absolutely  perfect  compensation  is  attained,  and  it  may  therefore  be  assumed  that  the 
rates  of  all  chronometers  ybjj  somewhat  with  the  temperature.  Where  the  voyage 
of  a  vessel  is  a  long  one  and  marked  changes  of  climate  are  encountered,  the  aoco- 
mulated  error  from  the  use  of  an  incorrect  rate  may  be  very  material,  amounting  to 
several  minutes'  difference  of  longitude.  Careful  navigators  will  therefore  take  every 
means  to  guard  against  such  an  error.  By  the  employment  of  a  temperature  eunw  in 
connection  with  the  chronometer  rate  the  most  satisfactory  results  are  arrived  at. 

267>  There  should  be  furnished  with  each  chronometer  a  statement  sfaowine 
its  duly  rate  under  various  conditions  of  temperature ;  and  this  may  be  supplemeotea 
by  the  observations  of  the  navigator  during  the  time  that  the  chrontnneW  remuns 
on  board  ship.  With  all  available  data  a  temperature  curve  should  be  constniotad 
which  will  indicate  graphically  the  p^fonnance  of  the  inatrament.  It  is  most  con- 
venient to  employ  for  uiis  purpose  a  piece  of  "  profile  paper,"  on  which  parallel  fines 
•re  ruled  at  equu  intervals  at  ri^t  an^es  to  each  other.  Let  each  horizontal  line 
represent,  say,  a  degree  of  temperature,  numbered  at  the  left  edge,  from  the  bottom 
up;drawa  vertical  Ime  in  red  mk  to  represent  the  lero  rate,  uid  let  all  rates  to  tlis 
right  be  plv«,  or  gaining,  and  those  to  the  left  mmut,  or  lodng;  let  the  intervals 
between  vertical  mies  represent  intervals  of  rate  (as  one-tenth  of  a  second)  nunJ>ered 
at  the  top  from  the  zero  rate ;  then  on  this  scale  plot  the  rate  conespouding  to  each 
temperature;  when  there  are  several  observations  covering  one  height  of  the  thu<- 
mometer,  the  mean  mav  be  used.  Throu^  all  the  plotted  points  draw  a  fair  curve, 
and  tiie  intersection  of  this  curve  with  each  temperature  line  f^ves  the  mean  rate 
at  that  temperatnre.  The  mean  temperature  given  by  the  maximum  and  miniirmnrt 
thermometer  shows  the  rate  to  be  used  on  any  day. 

268.  Hack  ob  CoKPASnfa  Watch. — In  order  to  avoid  derangement,  the  chro- 
nometers shoidd  never  be  removed  from  the  permanent  box  in  which  they  are  kept 
on  shipboard.  When  it  is  desired  to  mark  a  certain  instant  of  time,  as  for  an  astro- 
nomical observation  or  for  obtaining  the  chronometer  error  by  signal,  the  time  is 
marked  by  a  "hack"  (an  inferior  chronometer  used  for  this  purpose  onlv),  or  by  a 
comparing  watch.  Careful  comparisons  are  taken — preferably  both  before  and 
afterwar(& — and  the  chronometer  time  at  the  required  instant  is  thus  deduced.  The 
correction  represented  by  the  chronometer  time  minus  the  watoh  time  (twelve  hours 
being  added  to  the  former  when  necessary  to  make  the  subtraction  possible)  is  referred 
toasC-W. 

Suppose,  for  example,  the  chronometer  and  watch  are  compared  and  their 
indications  are  as  follows : 

Chro.  t.,    5^  27"  30* 
W.T.,     -2   36    45.5 


C-W,        2   50    44.5 
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If  tlun  ftsi^t  is  taken  when  tlie  watch  shows  3"  01'°.2?^Sr3TehVQ:',: 

W.  T.,       3^  01-  27'.5 
C-W,    +2  50    44.5 


Chro.  t.,    5  52     12.0 

It  ma.y  oceur  that  ike  values  of  C  —  W,  as  obtained  from  comparisons  before  and 
after  marnne  the  desired  time,  will  vary;  in  that  case  the  value  to  be  used  will  be 
the  mean  of  ute  two,  if  the  time  marked  is  about  midway  between  comparisons,  but 
if  mudi  nearer  to  one  comparison  than  the  other,  allowance  should  be  made  accord- 
ingly. 

Thus  Buppose,  in  the  case  previously  given,  a  second  comparison  had  been  taken 
after  the  dght  as  follows: 

Chro.  t.,      e""  12"  46* 
W.  T.,      -3     21     59.5 


C-W,        2    60    46.5 

The  sight  having  been  taken  at  about  the  middle  of  ihe  interval,  the  C— W  to 
be  used  would  be  the  mean  of  the  two,  or  2**  60"  45*.0. 

Let  US  assume,  however,  that  the  second  comparison  showed  the  following: 


Chro.  t., 
W.T., 


C-W, 


e"-  38"  25» 
-3     47     39 


2     50     46 


mien,  tbe  sight  having  been  taken  when  otHy  about  one-tliird  of  the  interval 
had  dapsed  betweoi  the  &Bt  and  second  comparisona,  it  would  be  assumed  that 
onlr  one-third  of  the  totid  chance  in  the  C  — W  had  occurred  up  to  ihe  time  of  sight, 
ana  the  value  to  be  used  would  oe  2"  50"  45».0. 

269.  It  is  considered  a  good  practice  always  to  subtract  watch  time  from 
dbronometer  time,  whatever  the  relative  values,  and  thus  to  employ  C— Winvariablv 
as  an  additive  correction.  It  is  equally  correct  to  take  t^e  other  difference,  W-C, 
and  m^e  it  sub  tractive;  it  may  sometimes  occur  that  a  few  figures  will  thus  be  saved, 
but  a  chance  for  error  arises  from  the  possibility  of  inadvertently  using  the  wrong 
sign,  which  is  almost  impossible  by  the  other  method.  Thus,  the  followmg  example 
may  be  taken: 


Rrison 

0-W, 
C-W, 

10'  67"  38" 
-11     42     35 

W,            11' 
0,          -10 

42"  se- 

67     38 

Sight. 

11     16     03 

11     60     21 
+  11     16     03 

W-C,       0 

W,           11 

W-C,  -  0 

44     67 

60  21 
44     67 

tc, 

11     06     24 

C,           11 

06    24 
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270.  The  subjecta  of  Time  and  the  Nautiad  Mmanae  are  two  of  the  most 
important  ones  to  oe  mastered  in  the  studj  of  Nautical  Astronomy,  as  thej  enter 
into  every  operation  for  the  astronomical  determination  of  a  ship's  position.  They 
will  be  treated  in  conjunction,  as  the  two  are  interdependent. 

iCBTmiDB  OF  BjBCKnmra  tdb. 

271.  The  instant  at  which  any  point  of  the  celestial  sphere  is  on  the  meiidiaa 
of  an  obsenrer  is  termed  the  inmnt,  culminaHon,  or  meridian  panojie  of  tliat  point; 
when  en  that  half  of  the  meridian  which  contains  the  zenith,  it  la  designated  aa 

-  miperior  or  upper  transit;  when  on  the  half  containing  the  nadir,  as  inferior  or  lower 
transit. 

272.  Three  different  kinds  of  time  are  employed  in  astronomy — (a)  apparent 
or  tolar  time,  (i)  mean  time,  and  (e)  nderedl  time.  Theee  depend  upon  the  hour 
uigle  from  the  meridian  of  the  points  to  which  they  respecti'my  refer.  Tba  point 
of  reference  for  apparent  or  solar  time  is  the  CeTiter  of  the  Sun;  for  mean  time,  an 
imaginary  point  called  the  Mean  Sun;  and  for  sidereal  time,  the  Vernai  Ejuinox, 
also  called  the  First  Point  ofAriea. 

The  unit  of  time  is  the  Day,  which  is  the  period  between  two  succeasiTie  tranuts 
over  the  same  branch  of  the  meridian  of  the  point  of  reference.  The  day  is  divided 
into  24  equal  parts,  called  Eoure;  each  hour  is  divided  into  60  equal  parts,  called 
3Rnuies,  and  each  minute  into  60  equalparts,  called  Seconds. 

273.  Appabent  ok  Solab  Tocb. — ^The  hour  angle  of  the  center  of  the  eim  affords 
a  measure  of  App(a-ent'oT  Solar  Time.  An  Apparent  or  Solar  Day  ia  the  interval  of 
time  between  two  successive  transits  over  tl^  same  meridian  of  the  center  of  the 
sun.  It  is  Apparent  Noon  when  the  sun's  hour  circle  coincides  with  the  celestial 
meridian.  This  is  the  most  natural  and  direct  measure  of  time,  and  the  unit  of 
time  adopted  by  the  navigator  at  sea  is  the  apparent  aolar  day.  Apparent  noon  is 
the  time  when  the  latitude  can  be  most  readily  determined^  and  the  ordinary  method 
of  determining  the  lon^tude  by  the  sun  involves  a  calculation  to  deduce  the  apparent 
time  first. 

Since,  however,  the  intervals  between  the  successive  returns  of  the  sun  to  the 
same  meridian  are  not  equal,  apparent  time  can  not  be  taken  as  a  standard.  'The 
apparent  day  varies  in  length  from  two  causes:  first,  the  sun  does  not  move  in  the 
equator,  the  great  circle  peipendicular  to  the  axis  of  rotation  of  tiie  earth,  but  in  the 
ecllpttc;  and,  secondly,  the  sun's  motion  in  the  ecliptic^  not  uniform.  Sometimes 
the  sun  describes  an  arc  of  57'  of  the  ecliptic,  and  sometimes  an  arc  of  61'  in  a  day. 
At  the  points  where  the  ecliptic  and  equinoctial  intersect,  the  direction  of  the  suits 
apparent  motion  is  inclined  at  an  angle  of  23"  27'  to  the  equator,  while  at  the  solsticee 
it  moves  in  a  direction  parallel  to  the  equator. 

274.  MffAV  TiMB. — To  avoid  the  uregularity  of  time  caused  by  the  want  of 
uniformity  in  the  sun's  motion,  a  fictitious  sun,  called  the  Mean  8v,n,  is  supposed  to 
move  in  the  equinodidl  with  a  uniform  velocity  that  equals  the  mean  vdoiniy  of  the 
true  sun  in  ike  ediptie.  This  mean  sun  ia  regarded  as  being  in  coincidence  with  the 
true  Bun  at  tie  vemtd  equinox,  or  First  Point  of  Aries. 

Mean  Time  is  the  hour  angle  of  the  niean  sun.  A  Mean  Day  is  the  interval 
between  two  successive  transits  of  the  mean  sun  over  the  meridian.  ^  M^n  Noon  is 
the  instant  when  the  mean  sun's  hour  circle  coincides  with  the  meridian. 
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Mean  time  Iftj^sea  unifonulr;  at  certain  times  it  agrees  irith  apparent  time, 
iriiile  sometimes  it  is  behind,  and  at  other  times  in  advuioe  of  it.  It  is  this  time  that 
is  measured  by  the  docks  m  ordinary  use,  and  to  tnis  the  chronometers  used  by 
navisntois  are  regrdated. 

vis.  The  difference  between  apparent  and  mean  time  is  called  the  EquaMon  of 
Time;  by  this  quantity,  the  ccnTersion  from  one  to  the  other  of  these  times  may  be 
made.  Its  magnitude  and  tlie  direction  of  its  application  may  be  fonnd  for  ai^ 
moment  from  the  Nautical  Ahnanac. 

276.  SmBRSAi.  Tdie. — Sidereal  Time  is  the  hour  an^e  of  the  First  Point  of 
Aries.  Th»  point,  which  is  identical  with  the  vemal  equmox,  is  the  ori^  of  all 
coort^ates  of  rJ^t  ascension.  Since  the  poeition  of  the  point  is  fixed  in  the  celestial 
sphere  and  does  not,  like  the  aun,  moon,  and  planets,  have  actual  or  apparent  motion 
therein,  it  shares  in  this  respect  the  properties  of  the  fixed  stars.  It  may  therefore 
be  said  that  interrala  oS  sidereal  time  are  those  which  are  measured  br  the  stars, 

A  Sidereal  Day  is  the  interral  between  two  successive  transits  of  the  First  Point 

of  Aries  across  the  same  meridian.    Sidereal  Noon  is  the  instant  at  which  the  hour 

'  cinJe  of  the  First  Point  of  Aries  coincides  witb  the  meridian.    In  order  to  interconyert 

BideDreal  and  mean  times  an  element  is  tabulated  in  the  Nautical  AJmanac.    This  is 

tile  Sidereal  Time  of  Mam  Noon,  which  is  also  the  Bight  Ascension  of  the  Mean  Sun. 

277.  Cvra,  akd  Asteonomioal  Time. — The  CivU  Day  commences  at  midni^t 
and  comprises  the  twenty-four  hours  until  the  following  midnight.  The  hours  ore 
counted  from  0  to  12,  from  midni^t  to  noon;  then,  agam,  from  0  to  12,  from  noon 
to  midnight.  Thus  liie  civil  day  u  divided  into  two  periods  of  twelve  hours  each, 
the  first  of  which  is  marked  a.  m.  (ante  meridian),  wnile  the  last  is  marked  p.  m. 
^Mst  meridian). 

The  AMtronomical  or  Sc^ar  Day  commences  at  noon  of  the  civil  day  of  the  same 
date.  It  comprises  twenty-four  hours,  reckoned  from  0  to  24,  from  noon  of  one  day 
to  noon  of  the  next.  Astronomical  time  (apparent  or  mean)  is  the  hour  angle  of  the 
son  (true  or  mean)  measured  to  the  westwanl  throughout  its  entire  circuit  from  the 
time  of  its  upper  transit  on  one  day  to  the  same  instant  of  the  next. 

The  civu  day,  therefore^  begins  twelve  hours  before  the  astronomical  day,  and 
a  clear  understanding  of  Has  fact  is  all  that  is  required  for  interconverting  theee 
thnes.    For  example: 

January  9,  2  a.  m.,  civil  time,  is  January  8,  14^,  astronomical  time. 

Janue^T  9,  2  p.  m.,  civil  time,  is  January  Q,  2^,  astronomical  time. 

278*  HouB  AifOLE. — ^The  how  angle  of  a  beavenly  body  is  the  angle  at  the 
polo  of  the  celestial  concave  between  the  declination  circle  of  the  heavenly  body 
and  the  celestial  meridian.  It  is  measured  by  the  arc  of  the 
celestial  equator  between  the  declination  cinje  and  the  celestial 
meridian. 

In  figure  35  let  P  be  the  pole  of  iho  celestial  sphere,  of  which 
VMQ  is  the  equator,  PQ  the  celestial  meridian,  and  PM,  PS, 
PV  the  declination  circles  of  the  mean  sun,  a  heavenly  body, 
and  the  First  Point  of  Aries,  respectively. 

Then  QPM,  or  its  arc  QM,  is  the  hour  angle  of  the  mean 
am,  or  the  mean  time;  Qra,  or  QS,  the  hour  angle  of  the  p,o.  ss. 

Wvenly  body;  QPV,  or  QVjthe  hour  angle  of  the  First  Point 

of  Aries,  or  tlw  sidereal  time ,*VPQ,  or  VQ,  the  right  ascension  of  the  meridian;  VPS, 
or  VS,  tJie  ri^t  ascension  of  the  heaven^  body;  and  VPM,  or  VM,  the  right  ascffli- 
siou  of  the  mean  sun. 

279.  Time  at  Diffebent  Meeidianh. — The  hour  angle  of  the  true  sun  at  any 
meridian  is  called  the  heal  a^parerU  time;  that  of  the  mean  sun,  the  local  mean  time; 
that  of  the  First  Point  of  Anes,  the  local  sidereal  time.  The  hour  angles  of  the  same 
body  and  points  from  Greenwich  are  respectively  the  Qreenwu^  apparent,  mean, 
ud  gidereat  times.  The  difference  between  the  local  time  at  any  mendiui  and  the 
Greenwich  time  is  equal  to  the  longitude  of  that  place  from  Cfreenwich  expressed 
in  time;  the  conversion  from  time  to  arc  may  be  effected  by  a  simple  mathematical 
ctlculation  or  by  the  use  of  Table  7. 

In  comparing  corresponding  times  of  different  meridians  the  most  easterly 
QUridian  may  be  distinguished  as  that  at  which  the  time  is  greatest  or  latest. 
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In  figure  86  PM  and  PM'  represent  the  ceketial  meridunB  of  two  plaoee,  FS 
the  dedmatioD  inrcle  tlirou^^e  sun,  and  PG  the  Greenwich  meridun;  let  T,— the 
Greenwich  time  —GPS ; 

T„— the  corresponding  local  time  at  all  places  on  the  meridian  PU^MPS: 
Tn'— the ooiTespondi^ local  time  at  allplacee  on  the  meridian  PM'— MTS; 
Lo— west  longitude  of  meridian  PM  — OPM;  and 
Lo'  — east  loi^tnde  of  meridian  PM'«GPM'. 

If  west  longitudes  and  hour  angles  be  reckoned  as  positire, 
and  east  longitu4es  and  hour  angles  as  negative,  we  have: 

Lo-Tg-TV;  and 

Lo'-Ta-T ';  therefore 
Lo-Lo'-T.'-T^. 

Thus  it  may  be  seen  that  the  difference  of  longitude  be- 
tween two  places  equalfl  the  difference  of  their  local  times. 
Fio.  3c.  This  relation  may  be  shown  to  hold  for  any  two  meridians 

whatsoever. 
Both  local  and  Greenwich  tunes  in  the  above  formuln  must  be  recfe)ned  west- 
ward, always  from  their  respective  meridians  and  from  0^  to  24^;  in  other  words,  it 
IB  the  astronomical  time  which  should  be  used  in  all  astronomical  computations. 

The  formula  Lo — T, — T„  is  true  for  any  kind  of  time,  solar  or  sidereal;  or,  in  general 
terms,  T^  and  T^  are  the  hour  angles  of  any  point  of  the  sphere  at  the  two  meridians 
whoee  difference  of  longitude  b  Lo.  S  may  be  the  sun  (tiue  or  mean)  or  the  Temal 
equinox. 

280.  FiKDiNO  THE  Obsenwioh  Tdce. — Since  nearly  every  computation  made 
1^  the  navigator  requires  a  knowledge  of  the  Greenwich  date  and  time  as  a  pre- 
liminaiy  to  the  use  of  the  Nautical  Almanac,  the  first  operation  necessary  is  to 
deduce  from  tlie  local  time  the  corresponding  Greenwich  date,  either  exact  or  Kppnai- 
mate,  and  thence  the  Greenwich  time  expressed  astronomically. 
The  formtda  is: 

Ta-T.+Lo, 

rememDering  tiiat  west  longitudes  are  positive,  east  longitudes  are  negative.    Henos 
the  following  rule  for  couvOTting  local  to  Greenwich  time:  . 

Having  expressed  the  J^aI  fimfl  antprtnnmifajly^  add  the  longitude  if  W€«t, 
tubiraet  it  u  east;  the  result  is  the  corresponding  Greenwich  time. 

Exahple:  In  longitude  81'  ly  W.  the  local  timB  u,  Apnl,  15*  1*  17"  SO*  ».  m.  Raquirod  the 
Greenwich  time. 

Local  Art.  time,  April,     14"  22*  17»  SO* 
Longitude,  +     6  2&    00 

Greenwich  time,  15     3  42    90 

Example:  In  Imgitode  81°  l^  E.  the  local  time  is,  Augurt,  6"  2*  10"  30*  p.  m.  Required  the  Gfmb- 
wich  time. 

Local  Art.  time,  August,    S*   2"  I0>  30* 
Longitude,  —     6  25    00 

Gieenwich  time,  4  20  45    30 

ExAKPLi :  In  lon^tude  17"  28'  W.  the  local  time  ia.  May,  1"  S*- 10"  p.  m.    lUqnired  the  Ofeenwft^ 


Greenwich  time,  1    4    10    62 

'£"  30'  E.  the  local  time  ie.  May,  1"  8»  10"  30*  a.  m.    Required  the  0 


(keenwich  time,  30    II    48    SO 
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S81.  From  the  praceding  article  we  have: 


thus  it  will  be  seen  that,  to  find  the  local  time  corresponding  to  anj  Greenwich  time, 
the  above  process  is  simply  reversed. 

Since  all  observations  at  aea  are  referred  to  chronometers  regulated  to  Greenwich 
mean  time,  and  aa  these  instruments  are  usually  marked  on  the  dial  from  0"  to  12^,  it 
becomes  necessary  to  distinguish  whether  it  is  a.  m,  or  p.  m.  at  Greenwich.  Therefore 
an  approximate  knowledge  of  the  longitude  and  local  time  is  necessary  to  determine 
the  Greenwich  date. 

Exahtlb:  In  bngitude  6^  00™  W  W.,  about  &  3Cy  p.  m.  April  16Ui,  the  Grmnwicti  chronometet 
read  8**  25",  and  wu  fftat  of  Gr.  time  3"  15*.    Required  the  local  astronomical  time. 

16*  3>  30"         Gr.  chro.,  S"  25"  00"        Gr.  Ast.  time  W,    8^  21"  «• 


Gr.  Art.  time  15*.     8    21    45  Local  Art.  time  15«,  3    21    46 

I,  the  Or.  cliro.  rend  3^  1&«  20-,  and  wm 


.^>Enz.  Or.  time,  2    IS  Gr.  Art.  time  2^,     16    12  05         Local  Art.  time  2*,  20  12     05 

THE  NATTTIOAI.  AUCAKAO." 

282.  The  Ameriean  Ephermeris  and  Nautical  Almanac  is  divided  into  three  parts 
as  follows:  Fart  I,  Ephemeris  for  the  meridian  of  Greenwich,  gives  the  ephemerides 
of  the  sun  and  moon,  the  geocentric  and  heUocentric  positions  of  the  major  planets, 
the  sun's  coordinates,  artd  other  fimdamental  astronomical  data  for  equidistant 
intervals  of  Greenwich  mean  time ;  Part  II,  Ephemeris  for  the  meridian  of  Washington 
gives  the  ephemerides  of  the  fixed  stars,  sun,  moon,  and  major  planets  for  transit 
over  the  meridian  of  Washington,  and  Fart  III,  Phenomena,  contains  predictions  of 
phenomena  to  be  observed  with  data  for  their  computation.  Tables  are  also  appended 
tor  the  interconversion  of  mean  and  sidereal  time  and  for  finding  the  latitude  and 
ftamuth  by  an  altitude  of  Polaris. 

The  American  NauHcdl  Almanac  is  a  smaller  book  made  up  of  extracts  from  the 
"Ephemeris  and  Almanac"  just  described,  and  is  desired  especially  for  the  use  of 
navigators,  being  adapted  to  the  meridian  of  Greenwich.  It  contains  the  position 
of  the  sun  and  moon,  together  with  the  ephemerides  of  the  planets  Venus,  Mara, 
Jupiter,  and  Saturn,  and  the  apparent  placee  of  55  stars  for  the  first  of  each  month 
and  the  Greenwich  mean  time  oi  transit  at  Greenwich  for  each  of  these  stars,  also  the 
mean  places  of  110  additional  stars;  solar  and  lunar  eclipses  are  described,  and  the 
tables  lor  the  interconversion  of  mean  and  sidereal  time  and  for  finding  the  latitude 
by  Polaris  are  included. 

The  elements  dependent  upon  the  sun  and  moon  are  placed  in  the  first  part  of 
the  book,  arranged  according  to  hours,  days,  and  months  of  the  year.  The  right 
ascension  of  the  mean  sun  for  the  entire  year  is  given  at  one  opening,  also,  the  mean 
time  of  sidereal  noon  at  Greenwich;  the  declination  of  the  sun,  equation  of  time,  the 
i^ht  ascension  and  declination  of  the  moon  and  the  moon's  horizontalparallax  and 
semidiameter  are  given  for  every  even  hour  throughout  the  year.  They  must  be 
taken  from  the  .AJmanac  for  some  definite  instant  of  Greenwich  mean  time.  In 
computations  from  observations  that  depend  upon  the  time  of  the  sun's  meridian 
passage,  at  which  instant  the  local  apparent  time  is  0",  and  the  Greenwich  apparent 
time  IS  equal  to  the  longitude,  if  west,  or  to  24''  minus  the  longitude,  if  east,  it 
becomes  necessary  to  correct  the  equation  of  time  for  longitude,  before  it  is  applied 
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to  the  Greenwich  appftrent  time  to  obtain  a  Oreeanrieh  mean  time  for  vat 

out  other  deeired  ^t&.     This  Greenwich  mean  time  is  euffit^oitly  correct  for  i 
practical  pnipoaee  as  the  equation  of  time  never  changes  more  than  1'.3  in  an  hour. 

283.  RssDUcnoN  op  Elbubnts. — l^e  reduction  of  elements  in  the  Nautical 
Almanac  is  usually  accomplished  by  Interpolation,  but  in  certain  cases  iriiere  extreme 
precision  is  necessary  the  method  of  Second  Differtnee*  must  be  used. 

The  Ephemeris^  being  computed  for  the  Greenwich  meridian,  contains  the  ri^t 
ascensions,  declinations,  equations  of  time,  and  other  elements  for  given  equidistant 
intervals  of  Greenwich  time.  Hence,  before  the  value  of  any  of  these  quantities  can 
be  found  for  a  given  local  time  it  is  neceesary  to  detennine  uie  correepondiug  Green- 
wich time.  Should  that  time  be  one  for  which  the  Nautical  Almanac  gtves  the 
value  of  the  required  element,  nothing  more  is  necessary  than  to  employ  that  value. 
But  if  the  time  falls  between  the  ABnaQac  times,  the  required  quantity  must  be 
found  by  interpolation. 

The  Ahnanac  contains  the  rate  of  change.or  difference  of  each  of  the  prin<^al 
quantities  for  some  unit  of  tjme,  and,  unless  great  precision  is  required,  the  &st 
differences  only  need  be  regarded.  In  order  to  use  the  difference  columns  to  advan- 
tage, the  Greenwich  date  should  be  expressed  in  the  unit  of  time  for  which  the 
differeDce  ia  given.  Thus,  for  using  the  hourly  differences,  the  Greenwich  time 
should  be  expressed  in  hours  and  decimal  parts  of  an  hour;  when  usio^  the  differences 
for  one  minute,  the  time  should  be  in  minutes  and  decimtd  parts  of  a  minute.  Xostead 
of  using  decimal  parts,  some  may  prefer  the  use  of  aliquot  parts. 

Since  the  quantities  in  the  Almanac  are  approxiQiate  numbers,  ^ven  to  a  CM^ 
tain  decimal,  any  interpolation  of  a  lower  order  than  that  decimal  is  unnecessary 
work.  Moreover,  since,  in  computations  at  sea,  the  Greenwich  time  is  more  or  lees 
inexact,  too  great  refinement  need  not  be  sought  in  reducing  the  Almanac  elements. 

^mple  mterpolation  assumes  that  the  differences  of  the  quantities  are 
proportional  to  the  differences  of  the  times;   in  other  words,  that  tne  differences 

S'ven  in  the  Almanac  are  constant:  this  is  seldom  the  case,  but  the  error  arising  from 
le  assumption  will  be  smaller  the  less  the  interval  between  the  times  in  the  Almanac. 
Hence  thoee  quantities  which  vary  most  irr^ularly  are  given  for  t^e  smallest  units 
of  time;  as  the  variations  are  more  r^ular,  the  units  for  which  the  differencea  are 
given  increase. 

In  taking  from  the  Almanac  the  elements  relating  to  the  fixed  stara  the  data 
may  be  found  either  in  the  table  which  gives  the  "mean  place"  of  each  star  for  the 
year  or  in  that  which  gives  the  "  apparent  place  "  occupied  by  each  one  on  the  firat 
day  of  each  month.  As  the  annus!  variation  of  position  of  the  fixed  stais  is  small, 
the  results  will  not  vary  greatly  whichever  table  may  be  used.  Yet,  as  it  is  proper 
to  seek  always  the  greatest  attainable  accuracy,  the  use  of  the  table  showing  the 
exact  positions  is  recommended. 

284.  To  find  from  the  Nautical  Almanac  a  required  element  for  any  given  time 
and  place,  it  is  first  necessary  to  express  the  time  astronomically  and  to  convert  it 
to  Greenwich  time  and  date.  Then  take  from  the  Almanac,  for  the  nearest  given 
preceding  instant,  the  required  quantity,  togetherwith  its  corresponding  "hourly"  or 
"two-hourly  difference,"  noting  the  name  or  sign  in  each  case.  Multipfythe  "honriy 
difference"  by  the  number  of  hours  and  fraction  of  an  hour,  or  use  Table  IV,  N,  A. 
(proportional  parts),  corresponding  to  the  interval  between  the  time  for  which  the 
quantity  is  given  in  the  Almanac  and  the  time  for  which  required;  apply  the  correc- 
tion thus  obtained,  having  regard  to  its  sign. 

A  modification  of  this  rule  may  be  adopted  if  the  time  for  which  the  quantity  is 
desired  falls  considerably  nearer  a  svhaeqiieTit  time  given  in  the  Almanac  than  it  does 
to  one  preceding;  in  this  case  the  interpolation  may  be  made  backward,  the  sign  of 
application  of  the  correction  being  reversed. 
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Bxucvu:  Ataplkcein  longitude  81"  WW.,  April  17, 1916,  find  th«  aiui'a  decUutioD and th« 
eqtutioa  ol  time  »t  Kppftrent  noon. 

Long.-81»  W  W.  G.  A.  T.-IT*  6*  25»-lT'+5*.«. 

G.  A.  T.,  17*,      6»  26"  00-  Eq.  t.,  17*  4\  0-  2ff.l  H.  ©..-fO-.O 

Bq.  t.,  ~  "-  °  '-■         """ 


G.  M.  T.-IT",      6      24  33  Eq.  t.,  17*  6*  26",      0    26  .9  Corr., +0'.8M 

-  6^.4  {AM  to  ffMon  time.) 

Dec.,  17*  4*,  IV  31'.0  N.  H.  D.,     +0'.9 

^^^■'  +         1.3  G.  U.  T.,    P.4 

Doc.,  17*  6»  M-      10    32 .3  N.  Con.,       +l'.2e 

EzAvm:  At  a  pUce  in  longitude  81'  W  E.,  April  17, 1916,  find  the  ann's  declination  aod  the 
•qoatien  of  tim*  at  ^parent  noon. 

Long.-81"  ly  E.  G.  A.  T.-l«*  18*  36--.17*-5».42. 

G.  A.  T.,  16*.    18*  36»  OO*                Eq.  t.,  16*  18",           0*  20'.2  H.  D.,    (f.t 

Eq.  t.,             -         0    20.6             Cor.,                      +        0.3  Int.,       0*.5S 

G.M.T.,16*,    18    34     39.6             Eq.  t.,  16*  18*  35",    0    20  .6  Con.    +0'.348 

—18  .68  (Add  to  tMoti  time.) 

Dec.,  16*  IB*,           lO*  22'.2  N.                              H.  D.,  +0'.9 

Con.,  + .6  G.M.  T.,    0».58 

Dec.,  16*  18"  35»,    10»  22'.7  N.                              Con.,  -H)'.622 

ExAXTu:  April  16, 1916,  at  11"  65>  30*  a.  m.,  local  meantime,  in  Long.  81°  ly  W.,  requited  the 
dediiiation  and  s«mdiameter  of  the  aun,  the  equation  of  time,  and  the  li^t  aaceneion,  declination, 
horicontal  paiallax,  and  eemidiameter  of  the  moon  and  Jupitei. 

Local  mean  time,  14*  23*  66*  30- 

Longitude,  +        5  25    00 


Greenwich  mean  time, 


n6  6  20  30 
Jl6*  6»20".6 
ll5*   5".34 


Dec.,  IS*  ^, 
Con., 

9»  48'.6   N. 
+              1.2 

0    49.7    N. 
+               V.t 
1".54 
+              1'.20 

11*  28-  14* 
+         2    38 

8.D., 

(Same  as  at  0.  A. 

^Iht  Moon. 
Hor.Ito.,15*6".34 
8.  D.,16J5*.S4, 

16'68" 
Noon.) 

1,  67'.1 

ly.e 

Eq.  t.,  16*4" 
Ocir., 
Eq.  t., 
H.  D., 
G.  M.  T., 
Con., 
(SuWroctfa. 

Dec.,  16*  4", 
Con., 

,    0"02'.8 
0.8 

Dec, 

0    02 

H.  D., 
G.  M.  T., 

o-.e 

]".34 

C<«r.. 

B.A.Ui*4*, 

Con., 

-        0'.S04 
)m  mtm  time.) 

0°  3»'.8S. 
-       19.8 

R.A., 

11    30    52 

Dec,, 
H.  D., 
G.  M.  T., 

0    69.68. 

H.  D., 
G.  M.  T., 

+               US' 
1".34 

-       14'.7 
1".34 

Cow., 

,f             168* 
^1       2»    38" 

Con., 

-       19'.8 

R.  A.,  15*  6*,      11*  32»  lO- 
Con.,  39- .5,     -          1    18 

A.) 

(By  proportional  parte  Table  IV,  K.  A.) 

Doc.,15*8'',     (-)1»09'.3  8. 
Con-.,  39».6,      +       19  .7 

R.  A., 

R.  A.,  15*0". 
Con., 

11    30     52 

,    0"  56-  28' 
+             12 

For  Juptur. 
Hor.  Par.,  15*, 
S.  D.,  16< 

0'.02 
0'.26 

Dec., 

Dec.,  15*0", 
Con., 

Dec., 
H.  D., 
G.M.T., 
Con., 

0    59.68. 

+  4"  51'.6    N. 
+          1.2 

R.A., 

0    66    40 

4    52.7    N. 

H.  D., 
G.  M.  T., 

+              2'.26 
6".34 

+       0'.23 
5".34 

Con., 

+             12- 

+         1'.22 

(Piop.parteTabIeIV,N.  A.    (Seep. 

,2536.)) 

(Prop.parteTaWelV.N.A.) 

R.  A.,  15*  0", 
Con.,  6"  20-, 

0*66"  28* 

+                12 

Dec,  18*0*, 
Con.,  6*  20-, 
Dec., 

+  4-  51'.5    N. 
+          1.2 

R.  A., 

0    56     40 

4    P2..7    N. 
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285.  Should  greater  precision  be  required  than  that  attainable  by  simple  inte(>- 
polation,  resort  must  be  had  to  the  reduction  for  second  differences,  for  'which  use 
the  Ephemeris  and  Nautical  Almanac. 

Tne  differencee  betveen  successive  yalues  of  the  qoantities  given  in  the  Ephem- 
eris  and  Nautical  Almanac  are  called  the  jirH  difference;  the  differencee  between 
successive  first  differencee  are  called  the  second  differenees.  Simple  interpolation, 
irtuch  satisfies  the  neceesitiee  of  sea  computations,  assumes  the  first  differences  to  be 
constant;  but  if  the  variation  of  the  first  differences  be  regarded,  a  further  interpo- 
lation ia  required  for  the  second  difference. 

The  difference  for  a  unit  of  time  in  the  American  Ephemeiis  and  Nautical 
Almanac  abreast  any  element  expresses  the  rate  at  which  the  element  is  changing  at 
that  precise  instant  of  Greenwich  time.  Now,  reeardlog  the  second  difference  as 
constant,  the  first  difference  varies  untfonnly  with  the  Greenwich  time;  therefore 
its  value  may  be  found  for  any  intermediate  time  by  simple  inteqwlation. 

Hence  the  following  rule  for  second  differences:  Eniploy  the  interpolated  value 
of  the  first  difference  which  corresponds  to  the  midSU  of  the  interval  lor  which  the 
correction  is  to  be  computed. 

Exahplb:  F<»r  the  Oreenwidi  date  1916,  April,  10*  IV  25-  33*,  find  the  mo 


Dec.,  18*.  (+)21'  Oy  «".8  N. 
Corr.,          -           3    37  .8 

Flirt  diff. 
Cow., 
M.  D., 
No.  mm., 

Corr., 

-  8".522 

-  0  .020 

Second  dill 
Internd, 

Cow., 

-0".0« 
-HI*  .218 

Dec.,               21    06   04       N. 

-        8  .5*2 

+      25-.6 

/  217".8 

-\3'S7".8 

-o".oao 

Hie  difference  for  one  minute  being  —  8".522  at  18^,  and  —  8".618  at  \9^,  the 
difference  for  one  minute  undeif;oee  a  change  of  — 0".096  during  one  hour.  Tlie 
time  for  which  it  is  desired  to  obtain  the  difference  is  at  the  middle  instant  between 
18'  0"  and  18''  25-.5— that  is,  at  IS""  12"'.76,  or  iU  equivalent,  18''.213.  With  a 
change  of  —  0".096  in  one  hour,  the  chan^  in  0''.213  is  readily  obtainaUe;  correcting 
the  minute's  differ^ce  at  18''.0  accordin^y,  the  process  of  correcting  the  declination 
becomes  the  same  as  in  simple  interpolation. 

COHVXSBIOH  OF  TIUE8. 

286.  Conotrnon  cf  'Rme  is  the  process  by  which  any  instant  of  time  that  is 
defined  according  to  one  system  of  reckoning  may  be  defined  according  to  some  other 
system;  and  also  by  whico  any  interval  of  tune  expressed  in  units  of  one  system  may 
be  converted  into  units  of  another. 

287.  SiDEKEAL  AND  Mean  Tihb. — Mean  time  is  the  hour  an^e  of  the  Mean 
Sun;  sidereal  time  ia  the  hour  angle  of  the  First  Point  of  Aries.    Since  the  Bight 

Q/  Ascension  oi  the  Mean  Sun  is  the  angular  distance  between 


r><^^ 


^^.-^-f—^-^  the  hour  circles  of  the  First  Point  of  Aries  and  of  the  Mean 

Y  y"^      ^\.        Sun,  mean  time  may  be  converted  into  sidereal  time  by  adding 
'A,^  \      to  it  the  Right  Ascension  of  the  Mean  Sun;  and  similarly, 

'  ^  *  ^sidereal  time  may  be  converted  into  mean  time  by  anbtracting 

from  it  the  Bight  Ascension  of  the  Mean  Sun. 

This  is  explained  in  figure  37,  which  represents  a  projec- 

\     /         ^y  J     tion  of  the  celestial  sphere  upon  the  equator.     If  P  De  the 

mX.  yw  P''''^'  '^^''  ^^^  meridian;  V,  the  First  Point  of  Aries;  M,  the 

^^J— -^  position  of  the  mean  sun  (west  of  the  meridian) ;  then  QPV,  or 

Q  the  arc  QV,  is  the  sidereal  time;  *^Mj  or  the  arc  Qla,  is  the 

Fio.  w.  mean  time;  and  VPM,  or  the  arc  VM,  is  the  Right  Ascension 

of  the  Mean  Sim.    From  this  it  will  appear  that: 

QV^QM  +  VM  or 
Sidereal  time —Mean  time  +  Right  Ascension  of  Mean  Sun. 
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If  the  mean  son  be  on  the  opposite  eide  of  the  meridian,  at  M',  then  the  mean 
time  equaJs  24'— M'Q.    In  this  case; 

QV=VM'-M'Q,or 

Sidereal  tiine=- Right  Aecenraon  of  Me^n  Sun  — (24^— Mean  time), 

=■  Right  Ascension  of  Mean  Sun  +Mean  time  —  24**.  / 

Right  ascennon  being  meastired  to  the  east  and  hour  ande  to  the  we^,  the 
siderefutime  will  ther^ore  always  equal  the  sum  of  these  two ;  out  24^  must  be  aub- 
tracted  when  the  sum  exceeds  that  amount. 

From  the  preceding  equations,  we  also  have ; 

QM^QV-TM;  and 

M'Q="VM'-QV,or 
(24''-M'Q)-(24''+QV)-VM'. 

From  this  it  may  be  seen  that  the  mean  time  equals  the  sidereal  time  fniwM 
the  Right  Ascension  of  the  Mean  Sun,  but  the  fonner  most  be  increased  by  24^ 
i^eD  necessary  to  moke  the  subtraction  possible. 

288.  Appabbnt  and  Mean  Times. — ^Apparent  time  is  the  an^e  between  the 
meridiim  and  the  hour  circle  which  contains  the  center  of  the  sun;  mean  time  ia  the 
■i^e  between  the  meridian  and  the  hour  circle  which  contains  the  mean  sun.  Since 
the  equation  of  time  represents  the  angle  between  the  hour  circles  of  the  mean  and 
apparent  suns,  it  is  dear  that  the  conTetsion  of  mean  time  to  apparent  tame  may  be 
aceomplided  by  the  application  of  the  equation  of  time^  with  its  proper  sign,  to 
tiie  mean  time;  and  the  reveise  operation  by  the  application  of  the  same  quantity, 
in  an  opponte  direction,  to  the  apparent  time. 

The  resemblance  of  these  opentions  to  the  intcowmTersion  of  mean  and  sidereal 
times  may  be  obeerred  if,  in  figure  37,  we  assume  that  PV  is  the  hour  circle  of  t^e 
true  sun,  PM  remaining  that  of  the  mean  sun;  then  the  arc  QM  will  be  the  mean 
time;  QV,  the  apparent  time;  and  VM,  the  equation  of  time;  whence  we  have  as 
before: 

QV-QM  +  VM,or 
Apparent  time— Mean  time + Equation  of  time; 

the  equation  of  time  will  be  positiTe  or  negative  according  to  the  relative  position  of 
the  two  suns. 

289.  Sn>EBMAL  AND  Mean  Torn  Intebtai«. — ^The  sidereal  year  consists  of 
366.25636  sidereal  days  or  of  365.25636  meui  solar  days.  If,  therefore.  M  be  any 
interval  of  mean  time,  and  S  the  corresponding  interval  of  sidereal  time,  toe  relations 
beWeen  the  two  may  be  expressed  as  follows: 

S     366.25636         nn,-,-^. 
H-365. 25636-^- "'"379, 

M_36S.25636_ 

^    366.25636     "■^^^**^^- 

Therefore,  S-1. 0027379  M-=M  +  .  0027379  M; 
M-0.  9972696  S  -S  -.0027304  S. 

11  M— 24'',  S— 24''+3'"  56*.6;  or,  in  a  mean  solar  day,  sidereal  time  gains  on 
mean  time  3"  66*.6,  the  gain  each  hour  beii^  9*.8565. 

If  S— 24**,  M=24''~3'°  55*.9;  or,  in  a  sidereal  day,  mean  time  loses  on  sidereal 
time  3°  55*.9,  the  loss  each  hour  being  9'.S296. 

If  M  and  S  be  expressed  in  hours  and  fractional  parts  thereof, 

S=M  +  9'.8565M; 
M-  S-9".8296S. 

Tables  for  the  conversion  of  the  intervals  of  mean  into  those  of  sidereal  time 
ind  the  reverse  are  based  upon  these  relations.  Tables  8  and  9  of  this  work  give 
the  values  for  making  these  oonveraiona,  and  similar  tables  are  to  be  found  in  the 
Nkntical  Almanac. 
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290.  To  OoNTSBT  Mkan  Solas  INTO  SmBBBAL  Tna. — ^ApplytothelocAlinMii 
time  the  longitude,  adding  if  west  and  subtracting  if  east,  and  thus  obtain  tiie  Qrem- 
wich  mean  time.  Take  from  the  Nautical  Almanao  the  Right  AscenaioD  of  the 
Mean  Sun  at  Qtemwich  mean  noon,  and  correct  it  for  the  Grecoiwich  mean  time  hv 
Table  III,  K.  A.,  or  Table  9  (Bowditch),  or  by  the  honriy  difference  of  9-.857.  Add 
to  the  local  mean  time  this  corrected  Tight  ascension,  rejecting  2^  il  the  som  ia 
greater  than  that  amount.    Hie  resolt  will  be  the  local  sidereal  tune. 

D  time  ia  3^  00- 001  p.  IB.    B«qiiind 

L.M.T.,    22fl    2»(»-00'        R.  A.  U.  8.,  22*0^,  ff  00- 60'.4        L.  M.  T.,  J^  00- 00- 

Long.,    +         S    86    00        B«d.f(ir7*28-(T*b.>).+       %     13.1        R.A.M.8..+        t   02    03 .8 
G.M.T.,    22     7    25    00         B.  A.  M.  8.,  7*  25-,         2   02    03.6       L.  8.  T.,  4   02    OS  Ji 


B.  A.  U.  6.,  21j  0»,  1^  6«>  Syj        L.  IL  T.,        21*  1»  00-  00* 

B«l.fotll»{T»b.9),   +       1    ISA       B.A.M.8.,+         1   68    42  J 


G.1C.T.,    21    U   00    00        R.A.M.8.,1P,  1    68    42.2       L.  8.  T.,         21    17    68    42.2 

In  these  examples  the  reduction  of  (he  R.  A.  M.  S.  has  formed  a  separate  opera- 
tion in  order  to  make  clear  the  process.  It  would  be  as  accurate  to  add  together 
directly  L.  M.  T.,  R.  A.  M.  S.,  and  Red.,  and  the  work  would  thus  be  renderecf  more 
brief.  '■  I 

291.  To  CoKTBBT  SiDBBBAL  INTO  Mban  Soiju  Tiue. — Take  from  the  Nautical 
Almanac  the  Right  AscensioD  of  the  Mean  Sun  for  Greenwich  mean  noon  of  ibtt 
given  astronomical  day,  and  apply  to  it  tiie  reduction  for  longitude,  either  by  Table  d| 
or  hv  the  hourly  difference  of  9*.857,  and  the  result  will  be  the  Right  Ascension  d 
the  Mean  Sim  at  local  mean  noon,  which  is  equiTalent  to  the  locafoidereal  time  at 
Uiat  instant.  Subtract  this  from  the  given  local  sidereal  time  (adding  24^  to  the 
latter  if  neceasaiy),  and  the  result  will  be  the  interral  from  local  mean  noon,  exfueesed 
in  units  of  sidereal  time.  ConTcrt  this  sidereal  time  interral  into  a  mean  time  mterral 
by  subtracting  the  reduction  as  given  by  Table  n,  N.  A.,  or  Table  8,  or  by  the  honrlyj 
difference  of  Q'.SSO;  the  result  will  be  the  local  mean  time. 

n  Long.  7S"  E.,  the  locU  ridanal  dme  !■  17^  58»  42*  J.  _  Vfakt  ia] 

Aatntnomical  day,  April  21. 

L.  S.  T.,  17»  68-  42'.2  R.  A.  M.  8.,  Gr.  21*  0»,  1>  60-  S».9 

R.  A.  M.  8.,  -  1    66    04.6  R«d.  for  -P  long.  (Tib.  »),  '   -  4»  .3 

Sid.  internl  fram  L.  it.  noon,    16   02    87  .7  R.  A.  H.  8.,  locil  0^,  ^^  1    6«    04  .6 

R«I.forBid.ii»t«rval{l^b.8),  2    37  .7 

L.  M.  T.,21*,    *  Ifl  00    00.0 

ExAMFu:  April  22, 1916,  p.m.,  at  a.  pUce  in  Long.  81°  ly  W.,  the  ildemttl  time  ia  4^  (B- 03*  Ji. 
Vbat  ia  the  cofn^iHtdiiig  meui  time? 

Aatnmomicd  day,  A|«il  22, 


L.  8.  T., 
R.  A.  m".  8., 

4*02-03'.6 
3   01    43.8 

R.  A.  M.  S.,  Gr.  22*  0*,                  2»  0(P  60'.4 

Red.  for -H^  25- long.  (Tab. »),+       0    53  .4 

Sid.  interval  from  L.  H.  Noon, 
Red.  lor  aid.  interval  (l^b.  8),- 

2   00    10.7 
0     10.7 

R.  A.  U.  S.,  local  Ok,                     2   01     43.8 

L.  M.  T.,  22*, 

2    00    00.0 

292.  To  CoMVBKT  Mbak  into  Afpabent  Tihb  and  thb  Rbtbbsb. — Find  the 
Greenwich  time  corresponding  to  the  given  local  time.  It  apparent  time  is  given, 
find  the  Greenwich  apparent  time  and  take  the  equation  of  time  from  the  Almanac 
If  mean  time,  find  the  Greenwich  mean  time,  correct  the  equation  of  time  for  the 
required  instant  and  apply  it  with  its  proper  sign  to  the  gtven  time. 
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Tiui  Ain>  axa  hautical  umaxxo. 


nan  tioM  of  ^  n 

L.  M.  T.,    ll^ffOU-OO* 
Long.,      +       6  2ft  00 

6.H.T.,    21   8  30  00 


Corr.,       +  0-.26 

(Add  to  mean  lime.) 

April  S,  1S16,  ia  Long.  81°  ly  E.,  th«  local  appanot  time  ig  8"  46"  00>  a.  m.    B«qaired 

L.  A.  T.,     2*  20*  «■  00-  Eq.  t.,  1*.        3-  SO".* 

Eq.t.,     +  3    29.7  Cotr.,       -  0.0 


G.  A.  T.,    2  16  20    00  L.  IL  T.,     2  20   48    29  .7  Eq.  t., 

H.D.,     -■ 


Con.,       -  0'.93 

(Add  to  appartiU  tioM.) 

298.  To  FiKD  THB  Hons  Amolb  of  a  Boot  tbou  thz  Tucb,  asd  ths 
RsvEBBK. — ^In  figore  37,  if  M  and  M'  represeot  the  positions  of  celestial  bodies 
instead  of  those  of  the  mean  son  as  before  aastimed,  then  the  hour  angles  of  the 
bodice  vill  be  Q  M  and  24>— M'  Q,  respectivelT,  and  their  right  ascensions  will  be 
.VMandVM'. 

\As  before,  we  have: 

QV    -QM+VM, 


3U  -QV-VM; 
'Q  -VM'-VQ,or 
(24''-M'  Q)-(24»'+Q'\^-V  M'. 


Subetitutins,  therefore,  Jumr  ande  of  ike  hody  for  mean  time,  and  right  a$eennon 
of  ihe  hody  for  ^^JU  Ateenaion  of  the  Mean  Sun,  the  nilee  prerionsly  given  for  the 
conversion  of  mean  and  sidereal  times  will  be  applicable  for  the  conversion  of  hour 
angle  and  sidereal  time.  Thus,  the  sidereal  time  is  equal  to  the  smn  of  the  right 
asccaiaion  of  tjie  body  and  its  homr  angle,  anbtracting  24^  vben  the  sum  exceeds 
that  amount;  and  the  honr  angle  equals  the  sidereal  tune  mtntw  the  right  ascensioQ 
of  the  body,  24^  bong  added  to  the  lonner  i^en  neceeeaiy  to  render  the  subtraction 
possible. 

EzAifru:  In  Long.  81<*  W  W.,4»  Apnl2e,  IHS.at  12*10*90*  (artronomical)  mean  time,  find  die 
hoDiaiii^  of  Sinns. 

L.  M.  T.,     laMO-  30*  L.  U.  T.,  12*  10"  W.O 

Long.,      +  5  26    00  R.  A.  If.  8.,  0*,+  2  12    40  .0 

Red.  CTab.*),   +        2    M  .4 

G.M.T.,     17  36    30 


H.  A.  sunt,  7  44    36  .8 

EuMnJi:  Ua7  9, 1916,  Aicturaa  being  2^  27"  42'.62  east  of  the  meridian,  find  Uie  local  aideraal  time. 


[.A., 

24*  00"  00- 
,    2  27    42.62  E. 

H. 
R. 

L. 

.A,, 
A.,    ■ 

S.  T., 

21' 

fl4 

'  82-  17'.48 
11    52.9 

t.A., 

,  21  S2 

17.48  W. 

11 

44 

10.38 

H.A., 
R.  A., 

-  *27-42'.62 
+14  11    62.9 

L.  8. T. 

.    11 

44 

10.38 
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294.  Mftpy  navigators  find  tbo  conrermon  of  time  much  simpHfied  and  nune 

easily^  grasped  by  rou^y  plotting  the  elements  as  liiey  are  presented  in  any  girea 
case,  in  a  figure  drawn  on  tiie  plane  of  the  celestial  equator.  Noting  the  known  ele- 
ments and  the  elements  required  to  be  foimd,  a  study  of  the  figure  shows  very 
quickly  how  to  combine  tiie  Known  elements  to  get  the  unknown  dements. 

FoUowing  tiaa  method,  the  examples  of  articles  290,  291,  and  293  are  here 
solved  as  an  attemative  to  the  preceding  treatment,  since  it  is  found  that^  for  many 
who  have  learned  this  method  of  pro^dure  in  the  beginning,  every  difficulty  in 
reckoning  or  converting  time  has  been  obviated.  Althou^  the  explanation  may 
appear  somewhat  long,  the  actual  plotting  and  solution 
of  any  given  case  take  only  a  few  seconds  when  the 
method  la  understood.  In  the  figures,  P  r^resants  the 
elevated  pole;  Q,  the  intersection  of  the  local  meridian 
with  the  equator:  O,  the  intersection  of  the  meridian 
of  (Greenwich  with  the  equator;  V,  the  First  Point  of 
Ariea  (Vernal  Equinox);  Sn,,  the  mean  sun;  S^,  the 
apparent  sun;  and  % ,  a  star  or  planet. 

^O    FmsT  Examfi:b  op  Abtioui  290.     (Sbb  Figubb  38.) 

Draw  a  circle  to  represent  the  plane  of  the  celestial 
equator,  P  being  the  projection  of  the  pole,  and  PQ  tJhe 
projection  of  t£e  local  meridian.  From  P  draw  th« 
projection  of  the  hour  circle  of  the  Qreeowich  meridian 
which  (siucethe  longitude  is  west)  is  laid  off  to  the  ri^t 
or  eastward  of  the  local  meridian  so  that  the  arc  ^Q 
equals  the  longitude.  Tba  arrow  indicates  westerly  direction  and  shows  the  direction  m 
which  the  hour  circles  of  the  hear^ilY  bodies  move  around  the  circle  on  the  earth's  axis. 
TheL.M.T.bdn^p.in.,  we  lay  on  the  hour  circle  of  the  mean  sun  to  the  westward 
of  the  local  meridian  so  wat  the  arc  QSh  equals  the  L.  M.  T.  We  see  at  once  from 
the  figure  that  the  G.  M.  T.  (the  pootion  of  the  hour  cncle  of  the  mean  sun,  S^  with 
reference  to  the  Greenwidi  meridian)  is  the  arc  GQS^,  which  equals  Long.  +  L.  M.  T, 
Having  thus  found  the  G.  M.  T..  we  can  find  the  right  ascennon  of  the  mean  sun  at 
that  instant  from  tiie  Nautical  Almanac  (picked  out  for  the  day  and  corrected  for  the 
G.  M.  T.)  fdiich,  in  this  case,  is  2''  02"  03'.5.  The  correction  is  ( +  )  or  additive  to  the 
angle  which  represents  the  B.  A.  M.  S.  for  Greenwich  Mean  Noon  because  this  angle 
has  been  increased  by  this  amount  owing  to  the 
^n  of  the  Vernal  Equinox  over  the  mean  sun  for 
the  angle  throng  which  the  mean  sun  has  taavetod 
from  the  Greenwich  meri^n.  The  mean  sun  is  to 
the  eastward  of  the  Vernal  Equinox  by  the  amount 
of  its  right  ascenaon.  We  therefore  lay  off  PV, 
the  hour  circle  of  the  Vernal  Equinox,  bo  that  the 
aro  V3„  equals  the  R.  A.  M.  S.  Sioce  the  L.  S.  T. 
equab  the  H.  A.  of  the  Vernal  Equinox,  we  see  at 
once  from  the  figure  that  the  L.  S.  T.  equals  B.  A.  M. 
S.+L.M.T. 

Second  Example  OF  Abtioi^e  290.  (See  Fiocbe  39.) 


Draw  a  circle  to  represent  the  plane  of  the  celes- 
tial equator.  Project  the  pole  P  and  the  local  me- 
ridian TQ.  Draw  the  arrow  pointed  west  to  show  the 
direction  in  which  the  hour  circles  move.  Since  the  longitude  is  east,  we  know  that 
the  Greenwich  meridian  is  to  the  westward  of  the  local  meridian,  and  we  draw  PG,  the 
Greenwich  meridian,  so  that  the  arc  QG  equals  the  longitude,  equals  5  hours.  Since 
the  L.  M.  T.  is  4^  00"  OO"  a.  m.,  we  know  that  it  will  be  12"  -  4''  equals  8"  before  the 
sun  crosses  the  local  meridian;  hence  we  lay  off  the  aro  QSm  to  equal  the  sun's 
H.  A,,  which  equals  S"",  and  draw  PSm,  the  hour  circle  of  the  mean  sun.  We  see 
from  the  figure  that  the  hour  angle  of  the  mean  sun  from  Greenwich  (G.  M.  T.)  is 
equal  to  24fl  —  (Long.  +  H.  A.  &„),  and  that,  since  the  mean  sun  must  travel  around 
the  aro  to  the  west  from  S^  to  G  to  make  the  time  0  hours  on  April  22  at 
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^eenwidi,  the  date  most  be  April  21,  and  the  O.  M.  T.  ia  11  boars.  For  this 
Greenwich  date,  we  get,  from  the  Nautical  Almanac  (corrected  for  O.  M.  T.)  the 
B.  A.  M.  S.  equal  to  1^  68"  42*.2,  whidi  is  the  amount  the  hour  circle  of  the  mean 
snnuto  the  eastward  of  Uw  hour  circle  of  the  Vernal  Eqninox.  'niecorTeoticHii8+ 
or  additive  for  the  reason  given  in  the  precedii^  example.  Lay  off  the  arc  3|.V 
eqnal  to  tha  R.  A.  M.  S.  and  draw  the  hour  circle  of  the  Venial  Equinox  PV. 
An  inspection  of  the  figure  shows  us  that  the  L.  S.  T.  is  the  arc  QOV  which  ia  equal 
to  the  Loi%.  +  G.  M.  T.  +  R.  A.  M.  8.,  or  to  the  L.  M.  T.  +  the  R.  A.  M.  S.  We 
alBo  see  Uiat  L.  M.  T.  eqaak  the  Long.  +  O.  M.  T. 

FibstExahplb  OFAinicxx291.     (Sis FianitE 40.) 

Draw  the  figure  as  shown,  laying  off  the  longitude 
eqnal  to  5  hours  east,  to  the  westward  from  Q,  thus 
finding  the  Greenwich  meridian  Q.  ThegiTenL.S.T. 
ia  18  hours,  so  lay  off  QV  (equal  to  18  hours)  to  the 
vestwardfromQ,  given  the  position  of  V,  the  VeroKl  a,  i 
Equinox  or  First  Point  of  Aries,  for  the  instant  de-  **■> 
sired,  llie  problem  is  to  plot  the  position  of  the 
mean  sun  at  this  inst&nt,  and  thoace  find  its  local 
hour  angle,  or  the  L.  M.  T.  We  plot  this  position  of 
the  mean  sun  by  hiyins  off  its  ri^t  aacraision  to 
the  eastward  from  V.  "nie  R.  A.  M.  S.  is  found  fnmi 
^e  Almanac  for  a  particular  instant  which  is  at  no. «. 

Greenwich  mean  noon  of  the  astronomical  date, 

April  21.  and  which  we  find  ia  1^  S6"  53*.8.  Plot  in  Smi)  over  the  Greenwich  merid- 
ian and  lay  off  this  angle  GV„  to  the  westward  from  G,  giving  ub  the  position  of  V 
at  Greenwich  mean  noon.  As  we  are  reckoning  hour  angles  from  the  local  meridian, 
we  must  move  the  sun  back  to  Q  and  find  the  position  V,  at  the  instant  of  local  mean 
noon.  To  find  V,  we  must  find  the  an^e  QV,  wian^  will  be  lees  than  GV„  as  the 
First  Point  of  Anee  always  advances  faster  toward  the  west  than  the  mean  sun. 
The  amount  of  this  gain  of  the  Vernal  Equinox  over  the  mean  sun  depends  on  the 
angolar  distance  through  which  the  mean  sun  travels,  i.  e.,  in  this  case  from  Q  to  O 
equals  the  longitude,  equals  5  hours.  From  Table  9  we  find  the  gain,  vduch  is 
represented  by  the  sector  C,  in  the  figure,  to  be  40*.3  for  the  5  hours,  so  that  QV, 
ecfo&ls  GV,  -  49'.3,  equals  1"  66"  63'.8  -  49».3,  equals  1"  56"  04'.6.  Now  we 
have  the  position  Y,  for  the  instant  of  time  when  the  mean  sun  was  at  Q,  that  is 
for  the  pt^tion  So,  or  local  mean  noon.  For  the  instant  of  time  desired  the  Venial 
Equinox  is  not  at  V,  but  at  V  and  at  this  instant  we  must  find  3.,.  The  Vermu 
Equinox  has  moved  from  V,  to  the  westward  to  V  or  through  the  arc  V,  V  i^ch 
e^ials  QV-QV,,  equals  17"  68-  42'.2-l''  66-  04'.6,  equals  16^  02"  ST*.?,  whioh 
is  called  a  sidereal  interval.  During  this  travel  of  the 
Vernal  Equinox  the  mean  sun  will  lose  a  certain  an-  ~ 

rnlar  amount  on  the  Vranal  Equinox,  depending  on 
the  travel  of  the  latter,  which  travel  is  16^  02-  37*.7. 
Ftom  Table  8,  we  find  for  this  travel  that  the  loss 
will  be  2-  ST.T,  which  is  represented  by  the  sector 
C;  in  the  figure,  so  that  the  angle  QS„  is  V,  V-2- 
37:7,  t,qut&  16*  02-  37".7-2-  37'.7.  equals  16" 
00-  00*,  i^ch,  from  the  figure,  equals  the  desired  L. 

SxcONI>EXiLMPIJBOFAsTTCLB291.     (Su  FlOURB  41 .) 

Draw  the  figure  as  shown,  laving  off  the  longitude 
eqnal  to  6"  west,  to  the  eastwani  from  Q,  thus  finding 
the  Greenwich  meridian  O.  The  problem  is  similar 
to  the  above  problem  except  that  in  moving  the  mean  im.  a. 

Sim  from  G  to  Q  we  see  uiat  the  ande  8^  V^  is  in- 
creased to  find  ^a  ^i>  *s  the  Vernal  Equinox  has  gained  a  oeortain  amount  on  the 
mean  son  during  the  travel  of  ^e  sun  to  the  westward  from  G  to  Q.  For  the  travel 
of  V,  to  V,  the  mean  sun  will  travel  from  3^  to  Sm,  losing  a  certam  amount  on  the 
Vernal  Equinox  for  the  travel  of  V,  V  of  the  latter,  and  we  md  Q3b  equals  tiie  L.  M.  T. 
618280— U — 8 


TEMB  AND    THB   NAUTICAL  ALMANAO. 


Febst  E^auplb  or  Astiolb  : 


(3eb  FiouBX  42.) 


Draw  the  figure  as  explaiiied  above,  uaiof  longitude  given  equals  5  houra  west, 
and  L,  M.  T.  given,  12  houre  (  +  ).  TTien  G.  M.  T.  equale  12  +  6  or  17  hours  (+)  of 
April  25.    For  this  instant  of  time  the  mean  aun  is  plotted  at  Sb,. 

Now  the  problem  is,  knowing  tite  positions  of  G,  Q, 
and  Skn,  to  find  the  position  of  the  given  star  on  the  di- 
aeram,  and  thence  its  local  hour  angle.  If  we  can  find 
t£e  relative  angles  from  the  mean  sun  and  from  tlie 
star  to  some  tlurd  object,  we  can  plot  this  third  object 
and  -Gnd  the  required  nour  angle  of  the  star.  Ilie  third 
object  is  the  First  Point  of  .^es  (the  Vernal  Equinox) 
and  the  angles  from  the  mean  sun  and  from  the  star 
are  the  right  ascensions  of  the  mean  sun  and  the  star. 
The  right  ascension  of  the  mean  sun  is  found  from  the 
Almanac,  not  for  the  instant  we  want,  but  for  the 
Greenwich  mean  noon  of  the  date.  This  R.  A.  must 
be  increased  by  a  correction  for  the  angle  through 
which  ihe  mean  sun  has  traveled  once  noon,  —  the 
Q.  M.  T.  In  the  problem  the  R.  A.  M.  S.  so  increased 
is  2  hours,  so  we  ay  off'SnV  from  S^  to  the  westward 
2  hours,  plotting  the  position  of  the  Vernal  Equinox  at  tJie  deared  instant.  From 
the  Almanac  we  find  the  R.  A.  of  the  star  to  be  6  hours,  and  we  lay  off  V  :1c  equal 
to  6  hours  to  the  eastward.  The  required  local  hour 
T  ande  of  the  star  is  then  Q  ^  which  equals  (^  + 

V^-Y  *  equals  L.  M.  T.  +  K.  A.  M.  S.-R.  A.equal8 
12''+2''-6''  equals  8  hours. 

Second  Exaupu:  of  Abtiolb  293.   (See  Fiodbe  43.) 

Draw  the  figure  as  before.  The  problem  is,  know- 
ing the  position  of  the  star  at  a  certam  instant,  to  find 
the  L.  S.  T.,  BO  we  must  plot  the  position  of  the  star, 
then  that  ol  the  Vernal  Equinox.  The  local  hour  angle 
of  the  latter  is  the  required  L.  S.  T. 

The  hour  angle  of  the  star  is  given  as  2  hours,  bear- 
ing east  from  the  mendian,  so  lay  off  Q  :|c  —2  hours  to 
the  east  from  Q.  Now  find  from  the  Almanac  the  R.  A. 
of  the  ^  which  is  1 4  hours,  and  lay  off  :t:  V  equal  to  14''  to 
the  westward  from  * .  The  L.  S.  T.  is  then  QV,  equals 
V  +  -Q  +,  equab  the  R.  A.  *  -H.  A.  *,  equals  14''-2''  equals  12  hours. 

When  doubt  ezistfl  as  to  the  Greenwich  date  the  navigator,  by  plotting  the  data 
in  exactly  the  same  way  as  explained  above,  can  at  once  remove  all  doubt  on  the 
subject  and  can  get  the  correct  G.  M.  T. 
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CHAPTER  X. 
OOBBEOTION  OF  0B3EBTED  ALTIT1TDES. 


2M.  The  true  aMtade  of  a  heavenly  body  at  any  place  on  the  earth's  surface 
is  the  altitude  of  its  center,  as  it  would  be  measured  by  ao  obserrer  at  the  center  of 
the  earth,  above  the  plane  passed  through  the  center  of  the  earth  at  right  angles 
to  the  direction  of  the  zenith. 

The  ohaerved  aUitade  of  a  heavenly  body,  as  measured  at  sea,  may  be  converted 
to  the  true  altitude  by  the  ap^cation  of  the  following-named  corrections:  Index 
Correction,  Dip,  Befraetion,  Parallax,  and  SemidiaTneter.  The  corrections  for  parallax 
and  aemidiameter  are  of  inappreciable  magnitude  in  obaervations  of  the  fixed  stars, 
and  with  pl&neta  are  so  small  that  they  ne^  only  be  regarded  in  refined  calculations. 
In  observations  with  the  artificial  horizon  there  is  no  correction  for  dip. 

For  theoretical  accuracy,  the  corrections  should  be  applied  in  ^e  order  in  which 
they  are  named,  but  in  ordinary  nautical  practice  the  order  of  application  makes 
no  material  difference,  except  in  the  case  oi  the  parallax  of  the  moon  as  ex[dained 
in  article  306;  and  hence,  instead  of  turning  to  the  separate  tables  referred  to  in  l^e 
foUowiog  articles  as  containing  these  corrections,  their  combined  amount,  given  in 
Table  46,  may  be  applied  to  observed  altitudes  of  the  aim,  the  planets,  and  the  stars, 
after  the  maimer  shown  in  article  308. 

ZNSEZ  OORBBOnOH. 

295.  This  correction  is  fully  expluned  in  articles  249  and  260,  Chapter  VUI. 

EEFBACTION. 

296.  It  is  known  by  various  experiments  that  the  rayB  of  light  deviate  from 
tkair  rectilinear  course  in  passing  obliquely  from  one  meainm  into  another  bf  a 
different  densitp^;  if    tha  latter  be  more 

dense,  the  ray  will  be  bent  toward  the  pet- 
pendiculu'  to  the  line  of  junction  of  the 
media:  if  less  dense,  it  will  be  bent  away 
from  that  perpendicular. 

The  ray  of  light  before  entering  iho 
second  medium  is  called  the  m.idewt  ra;^; 
after  it  enters  the  second  medium  it  is 
called  tiie  refracted  ray,  and  the  difference  of 
(iirection  of  the  two  is  called  the  refraetton. 

The  rays  of  hcht  from  a  heavenly  body 
must  pass  through  the  atmosphere  before 
reachi^  the  ^e  of  an  observer  upon  the 
Bnrface  of  the  earth.  The  earth's  atmos- 
phere is  not  of  a  uniform  density,  but  is 
most  dense  near  the  earth's  surface,  ^wlu- 
rfly  decreasing  in  density  toward  its  upper 
limit;  hence  the  path  of  a  ray  of  light,  Dy 
paerang  from  a  rarer  medium  into  one  con- 

tmualfyincreasing  density  becomes  a  curve,  , 

whith  ia  concave  toward  the  earth.    The 

lut  direction  of  the  ray  is  that  of  a  tangent  to  the  curved  path  at  the  eye  of  the 
observer,  and  the  difference  of  the  direction  of  the  ray  before  entering  the  atmosphere 
ind  this  last  direction  constitutes  the  refraction. 

297.  To  illustrate  this,  consider  the  earth's  atmosphere  as  shown  in  figure  44; 
wt  SB  be  a  ray  from  a  star  S,  entering  the  atmosphere  at  B,  and  b^it  into  the  curve 
BA;  then  the  apparent  direction  of  me  star  is  AS',  the  tangent  to  the  curve  at  the 
ptnot  A,  the  refraction  being  the  angle  between  the  l^es  BS  and  AS'.    If  CAZ  jt,-, 
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the  Tertical  line  of  the  obeerrer,  by  a  law  of  optics  the  vertical  plane  of  the  observer 
which  contains  the  tangent  AS'  mnst  also  contain  the  whole  curve  BA  and  the  incident 
ray  BS.  Hence  refraction  increases  the  apparent  altitude  of  a  star  without  affecting 
its  azimuth. 

At  the  Eenidi  the  refraction  is  nothing.  The  less  the  altitnde  the  more  oUiqaely 
the  rays  enter  the  atmosphere  and  the  greater  will  be  the  refraction.  At  the  horizon 
the  rwraction  is  the  greatest. 

398.  The  refraction  for  a  mean  state  of  the  atmosphere  (barometer  30**,  Fahr. 
thermometer  60°)  ia  given  in  Table  20  A ;  the  combined  refraction  and  sun's  parallax 
in  Table  20  B;  and  me  combined  refraction  and  moon's  paraDax  in  Table  24. 

^nce  the  amount  of  the  refraction  depends  npon  the  dennty  of  the  atmosphere, 
and  the  density  varies  with  the  pressore  and  the  tanperatore,  i^ch  are  indicated 
by  the  barometer  and  thermometer,  the  true  refraction  is  fomid  by  ^>plying  to  the 
mean  refraction  the  correctiona  to  be  found  in  Tables  21  and  22:  these  are  dedaced 
from  Bessel's  formuUe,  and  are  regarded  as  the  most  reliable  tables  constructed.  It 
should  be  remembered,  however,  that  under  certain  conditions  of  the  atmosphere  a 
very  extraordinary  deflection  occurs  in  rajrs  of  light  which  reach  the  observer's  eye 
from  low  altitudes  (that  is,  from  points  near  the  visible  horizon),  the  amoimt  of 
iriiich  is  not  covu^  by  the  ordinary  corrections  for  pressure  and  temperaturo;  the 
arror  thus  created  is  discussed  under  Dip  (art.  301) ;  on  account  of  it,  altitudes  lose 
than  10°  should  be  avoided. 

ExAMPu:  It«quii«d  tha  refraction  for  the  BppMeiit  altitude  G",  wbeii  tho  Qiennometor  ia  mt  20" 
and  th«  bwtometer  at  30'*.07. 

■Hte  tama  rabaction  bv  Table  20  A  is,  9'  62' 
Tha  correction  for  height  of  buometm-  la,  +  13 
The  conectiui  for  the  tempentnre,  +  42 


True  refracticm, 


10  47 


299.  The  ccnrection  for  relraction  should  always  be  subtracted,  as  also  that 
for  combined  refraction  and  parallax  of  the  sun  |  the  correcticm  for  combined  refrno- 
tion  and  parallax  of  the  moon  is  inv^ably  additive. 


800.  Dip  efihe  Horizon  ia  the  an^e  of  depreauon  cd  the  viable  sea  horizc«t  below 
the  true  horizon,  due  to  the  elevation  of  the  eye  of  the  observer  above  the  level  <rf 
the  sea. 

In  figure  46  suppose  A  to  be  the  position  of  an  observer  whose  height  above  the 
level  of  the  sea  is  AB.  GA2  ia  the  tnie  vertical  at  the  position  of  the  observer,  and 
AH  is  the  direction  of  the  true  horizon,  3 
being  an  observed  heavenly  body.  I>raw 
ATH'  tangent  to  the  earth's  surface  at  T. 
Disregarding  refraction,  T  will  be  the  tnoei 
distant  ptnnt  viable  from  A.  Owing  to 
refraction,  however,  the  most  distant  visi- 
ble point  of  the  earth's  surf  aoe  is  more  re- 
mote from  the  oheervts  than  the  point  T^ 
and  ia  to  be  found  at  a  point  T',  m  figure 
46.  Bat  to  an  observer  at  A  the  point  T' 
will  appear  to  lie  in  the  direction  of  AH', 
ih»  taiu;ent  at  A  to  the  curve  AT'.  If  the 
verticalplane  were  revolved  about  CZ  aa 
an  axis,  the  line  AH  would  gmsrate  the 
plane  of  the  true  horizon,  white  the  point 
T'  would  generate  a  small  circle  tff'  the 
terrestrial  sphere  called  the  ViaibU  or  Sta 
Horiaon.  The  Dip  of  the  Eotvna  ia 
HAH*,  being  the  an^  between  the  true 


horizon  and  the  apparent  direction  of  tiie 
aea  horizon.    Values  fA  the  dip  are  eiveii 


in  Table  14  for  various  hMghta  of  the  observer's  eye,  and  in  the  calculation  in  the 
table  allowance  has  been  made  for  the  effect  of  atino^herio  refraction  as  it  e 
under  normal  conditions. 
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801.  The  fact  moat  be  emphafflsed,  howeTer,  that  under  certain  oonditiona  the 
deflection  of  the  ray  in  its  path  from  the  horiaon  to  the  eye  ia  so  irregular  aa  to  give  a. 
vahie  of  the  dip  widely  different  from  that  which  ia  tabulated  for  the  mean  state  of 
atmosphere.  These  irr^ularitiea  usually  occur  when  there  eadate  a  material  differ- 
ence between  the  temperature  of  the  sea  water  and  that  of  the  air,  and  they  attain  & 
marimuni  value  in  calm  op  nearly  calm  weather,  when  liie  lack  of  circulation  permits 
die  air  to  arrange  itself  in  a  series  of  horizontal  strata  of  different  deo^ties,  the  denser 
strata  being  bSow  when  the  air  is  wanner,  and  the  reverse  condition  obtaining  when 
the  ur  is  cooler.  The  effect  of  such  an  arrangement  ia  that  a  ray  of  light  from  the 
horizon  in  passing  through  media  of  different  densities,  undergoes  a  refraction  quite 
imHke  that  whicn  occins  in  the  atmoBphere  of  much  more  nearly  hom(^;eneou8 
Amatj  that  exiata  under  normal  conditions. 

Various  methods  have  been  suggested  for  computmg  the  amount  of  dip  lor 
different  relative  values  of  temperature  of  lur  and  water,  but  none  of  these  afford  a 
satisfactory  solution,  there  being  so  many  ele- 
mentfi  involved  which  are  not  susceptible  of 
determination  by  an  observer  on  shipboard 
^t  it  will  always  be  difficult  to  arrive  at 
reenlte  that  may  be  depended  upon. 

As  the  amount  of  difference  between  the 
actual  and  tabulated  values  of  the  dip  due  to 
this  cause  may  sometimes  be  very  consider- 
able—reliable observations  having  frequently 
placed  it  above  10',  and  values  as  high  aa  32' 
having  been  recorded — it  is  necessary  for  the 
navigator  to  be  on  his  guard  against  the 
errors  thus  produced,  ana  to  recognize  the 
poedhle  inaccuracy  of  all  results  derived  from 
obscTvations  taken  under  unfavorable  condi- 
tions. Without  attempting  to  giveanymethod 
for  tiie  determination  of  the  amount  oi  the  ex- 
traordinary variation  in  dip,  the  following  rules  may  indicate  to  tiie  navigator  the  con- 
ditions under  which  caution  must  be  observed,  and  the  direction  of  probable  error: 

(a)  A  displacement  of  the  horizon  should  always  be  suspected  when  tiiere  is  a 
marbad  difference  between  the  temperatures  of  sax  and  sea  water:  thia  fact  should 
be  especially  kept  in  mind  in  regiona  such  as  those  of  the  Red  Sea  and  the  Gulf 
Stream,  where  the  difference  frequently  exists. 

(6)  The  error  in  the  tabulated  value  of  the  dip  will  increase  with  an  increase  in  the 
difference  of  temperature,  and  will  diminish  with  an  increase  in  the  force  of  the  wind. 

(c)  Tlie  error  will  decrease  with  the  height  of  the  observer's  eye;  hence  it  is 
expedient,  especially  when  error  is  suspected,  to  make  the  observation  firom  the  most 
elffvated  position  available. 

(d)  When  the  sea  water  is  colder  than  the  air  the  visible  horizon  is  rused  and  the 
dip  is  decreased^  tiierefore  the  true  altitude  is  greater  than  that  given  by  the  use  of 
tHe  oidmary  dip  table.  When  the  water  is  wanner  than  the  air,  the  horizon  is 
depressed  and  the  dip  is  increased.  At  such  times  tlie  altitude  ia  really  less  than  that 
found  from  the  use  of  the  table.  , 

The  same  cause,  it  may  be  mentioned  here,  affects  the  kindred  matter  of  the 
visibihty  of  objects.  When  the  air  is  warmer,  terrestrial  objects  are  sighted  from  & 
geater  distance  and  appear  higher  above  the  horizon  than  under  ordinary  conditions. 
when  tile  water  is  warmer  than  the  air,  the  distance  of  visibility  is  reduced,  and 
terrestrial  objects  appear  at  a  less  altitude. 

808.  Wnat  has  been  said  heretofore  about  the  dip  supposes  the  horizon  to  be 
free  from  dl  intervening  land  or  other  objects;  but  it  often  happens  that  an  obsei^ 
ntion  ia  required  to  be  taken  from  a  ship  Bailing  along  shore  or  at  anchor  in  harbor, 
when  the  sun  is  over  Uie  land  and  the  snore  is  nearer  the  ship  than  the  visible  sea 
horizon  would  be  if  it  were  imconfined;  in  this  case  the  dip  will  be  different  from 
^t  of  Table  14,  tmd  wtU  be  greater  the  nearer  the  ship  is  to  that  point  of  the  shore 
to  which  the  sun's  image  is  brought  down.  lu  such  case  Table  15  gives  the  dip  at 
<lifferent  heights  of  the  eye  and  at  different  distances  of  the  ship  from  the  land. 

803.  Ine  dip  is  always  to  be  subtracted  from  the  observed  altitude.  qI,-. 


lis  coBSEcnoN  or  obsbbtbd  altitudes. 
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801.  The  paraUax  of  a  heavenlT  body  is,  in  general  terms,  the  an^le  between 
two  straight  lines  drawn  to  the  body  trom  different  points.  But  in  Nautical  Astron- 
omy geocejitnc  paraSax  la  alone  considered,  this 
be'mg  the  difference  between  the  positions  of  a 
heavenly  body  as  seen  at  the  s&me  inatant  from 
the  center  of  the  earth  and  from  a  point  on 
its  surface. 

The  zenith  distance  of  a  body,  S  (fig.  47), 
seen  from  A^  on  the  surface  of  the  earth,  is  ZAS; 
seen  from  C  it  is  ZCS;  the  paraSoj;  is  the  dif- 
ference of  these  angles,  ZAS  — ZCS~ASC. 

PardUax  in  altttude  is,  then,  the  angle  at 
the  heavenly  body  subtended  by  the  radius 
of  the  earth. 

If  the  heavenl};  body  is  in  the  horizon  as 
at  H',  the  radius,  being  at  right  angles  to  AH', 
subtends  the  greatest  possible  angle  at  the 
star  for  the  same  distance,  and  this  angle  is 
called  the  Koriionial  parallax.  The  parallax 
is  less  as  the  bodies  are  farther  from  the  earth, 
as  will  be  evident  from  the  figure. 

Let  par.  =parallax  in  altitude,  ASC; 

Z»SAZ,  the  apparent  zenith  distance  (corrected  for  refraction); 

R  —AC,  the  radius  of  the  earth;  and 

D°-CS,  tlie  distance  of  the  object  from  the  center  of  the  earth. 


Tlien,  B 


B  SAC  -  ISO"  -  SAZ,  the  triangle  ASC  gives : 
R  sin  Z 


If  the  object  is  in  the  horizon  at  H',  the  angle  AH'C  is  the  horizontal  panllaz, 
and  denoting  it  by  H.  P.  the  right  triangle  AH'C  gives: 

smH.P.-p. 

Substituting  thia  value  of  ^  in  the  above, 

sin  par.  —  sin  H.  P.  sin  Z. 
If  R— SAH',  the  apparent  altitude  of  the  heavenly  body,  then  Z  — 90"  — A;  hence, 

sin  par.  — ain  H.  P.  cos  A. 

Smce  par.  and  H.  P.  are  always  small,  the  sines  are  nearly  proportional  to  the 
angles;  hence, 

par.  —  H.  P.  cos  A. 

305.  Tho  Nautical  Almanac  ^ve6  the  horizontal  parallax  of  the  moon,  as  well 
as  ot  the  planets  Venus,  Mars,  Jupiter,  and  Saturn. 

ti  Table  16  will  be  found  the  values  of  the  sun's  parallai  for  altitude  intervBlfl 
of  5"  or  10°,  while  Table  20  B  contains  the  combinea  values  of  the  sun's  parallax 
and  the  refraction.  In  Table  24  is  given  the  parallax  of  the  moon^  combined  with 
the  refraction,  at  various  altitudes  and  for  various  values  of  the  horizontal  parallax. 
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806.  Parallaz  is  always  additive;  combined  parallax  and  refraction  additiye  in 
the  case  of  the  moon,  but  subtractive  for  the  sun. 

As  the  correction  for  parallax  of  the  moon  is  so  large,  it  is  essential  that  it  be 
taken  from  the  table  with  considerable  accuracy;  the  corrections  for  index  correc- 
tion, Bemidiameter,  and  dip  should  therefore  be  applied  first,  and  the  "approximate 
altitude"  thus  obtained  should  be  used  as  an  argument  in  entering  Table  24  for 
parallax  and  refraction. 


307.  The  Bemidiameter  of  a  heavenly  body  is  half  the  angle  subtended  by  the 
diameter  of  the  visible  disk  at  the  eye  of  the  observer.  For  the  same  body  the 
semidiameter  varies  with  the  distance;  thus,  the  difference  of  the  sun's  semidiameter 
at  different  times  of  the  year  is  due  to  the  change  of  the  earth's  distance  from  the 
son;  and  similarlv  for  the  moon  and  the  planets. 

In  the  case  of  the  moon,  the  earth's  radius  bears  an  appreciable  and  considerable 
ratio  to  the  moon's  distance  from  the  center  of  the  earth;  hence  the  moon  is  materially 
neu^r  to  an  observer  when  in  or  near  his  zenith  than  when  in  or  near  his  horizon, 
and  thei^ore  the  semidiameter,  besides  having  a  menstrual  change,  has  a  semi- 
dinmal  one  aJso. 

The  increase  of  the  moon's  semidiameter  due  to  increase  of  altitude  is  called  its 
ougment<aion.    This  reduction  may  be  taken  from  Table  18. 

The  semidiameters  of  the  sun,  moon,  and  planets  are  given  in  their  appropriate 
places  in  the  Nautical  Almanac. 

The  Bemidiameter  is  to  be  added  to  the  observed  altitude  in  case  the  lower  limb 
d  the  body  is  brought  into  contact  with  the  horizon,  and  to  be  subtracted  in  the 
case  of  the  upper  limb.  When  the  artificial  horizon  is  used,  the  limb  of  the  reflected 
image  is  that  which  determines  the  sign  of  this  correction,  it  being  additive  for  the 
lower  and  subtractive  for  the  upper. 

ExAXFLX:  May  e.  1016,  the  observed  BlUtude  of  the  Eim'a  upper  limb  wu  62°  KK'W;  LO-.  +  S'lfr'; 
height  ol  the  eye,  25  uet.    Required  the  true  altitude. 

Ob«.  »lt.  S;  62»  10'  4I>'  I.  C,  +    3'  Mr 

Con.,  -  18    M  — — 

S.  D.  (N«ut.  Aim.),  -  ly  53* 

True  alt.,  61    62    36  dip  (Tab.  U),  -    4    54 

p.  A  r.  (l^b.  20  B),  -         27 


TnieiJt.,  26    26    58 

EzAima:  April  16, 1016,  oboerved  altitude  of  Venua  SS"  26^  10";  I.  0.,  +  V  30";  hei^t  of  eye, 
20  leet.    Required  the  true  altitude. 

Hot.  Fu.  (Naot.  Abu.},  11".4 


Tcf 


m 


+  2   86 

fTftb,  14),        -  4*  23" 
1^b.20A),    -       43 


Core., 
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ExiULi:  U»7  «,  U16,  M 1^  24-  O.  M.  T.,  tlw  obMrved  kldtuda  of  tha  moon'i  low  limb  wu 
"SCaO";  I.  0.,-r  80";  hei^tirfeye,  20foet.    Roqnired  th«  true mltitude. 

bfc  »lt.  i,  25"  80'  30"       8.  D.  (N»m.  Aim.),  +14*  «"       Hot.  Pm.  (Nwit.  Aim.),  64'  00" 


Approz.aIt.,            26*   39   31 
p.i-r(lkh.«),+       40   4g          ,,     ^^,,j 
■ftuaalt.,                  26    26   18          1.%., 

+14   64 
-4' 23" 
-  1    30 

l«too»r., 

-  6   63 
+  V  01" 

Obs.  BltX.        26'  30'  30"        S.  D.,         +14'  48" 
Istoorr.,          +         6   6B           Aug.,          +      06 
Approx.aIt.,      26    37   29                            +14   64 

H.P., 
App.»lt. 

PM., 

3246" 
25"  38' 
/    2927" 
\W  47" 

log.  8.61136 
coe  9.96604 
leg.  3.46639 

I.e.,       - 1  so 

-  7    55 
Irt  ccR.,    +  0'  &»" 

SOS.  Ths  corrections  for  dip,  parallax,  refraction,  and  semidiamoteTf  which 
must  be  applied  to  the  obserred  altitude  of  a  Btar  or  of  toe  aun's  lower  limb  in  order 
to  obtain  tne  true  altitude,  have  been  combined  in  Table  46,  and  for  the  moon's 
upper  and  lower  limb  in  Table  49,  and  will  henceforth  be  need  in  all  subsequent 
problema.  This  is  done  in  order  to  save  the  time  and  labor  involved  in  referring 
to  serorate  tables  of  these  corrections. 

The  tabulated  correction  for  an  observed  altitude  of  a  star  combines  the  mean 
refraction  and  the  dip;  and  that  for  the  observed  altitude  of  the  sun's  lower  limb, 
the  mean  refraction,  the  dip,  the  parallax,  and  the  mean  semidiameter,  which  is 
taken  as  16'.  A  supplementary  table,  taking  account  of  the  variatiou  of  the  sun's 
semidiameter  in  the  different  months  of  the  year,  is  given  in  connection  with  the 
main  table. 

Thus,  in  the  first  example  under  article  324,  we  vam,  when  variations  from  the 
mean  state  of  the  atmospheore  (barometer  30  inches,  Fahr.  thermometer  50°)  are 
left  out  of  consideration,  proceed  as  follows : 

Measured  altitude d     -     40"  04'  00" 

i.a  -+       3  00 

CorrectionfromTable46,heightofe7e20feet.  +10'  35"         40    07    00 
Supplementary  table  for  June  21 —  0    14  10    21    ^ 

T^ue  altitude 40    J7    21 
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CHAPTER  XI. 
THE  OHBOirOUETEB  £BRO& 


S09.  It  hu  already  been  explained  (art.  261,  Chap.  Vlit)  that  the  error  of  a 
idiroQometer  ia  the  diSereDce  between  the  tune  indicated  br  it  and  the  correct  standard 
time  to  which  it  ia  referred;  and  that  the  iaUy  rate  ia  toe  amount  that  it  gains  or 
loses  each  day.  Ia  practice,  chronometer  errors  are  usually  stated  with  reference  to 
Greenwich  mean  time.  It  is  not  required  that  either  the  error  or  the  rate  shall  be 
Eero,  but  in  order  to  be  enabled  to  determine  the  correct  time  it  ia  essential  that  both 
rate  and  error  be  known  and  that  the  rate  shall  have  been  uniform  since  ita  last 
determination. 

810.  DsTEBimnHO  ths  Rath. — Knee  all  chronometers  are  subject  to  some 
variation  in  rate  under  the  changeable  conditions  existing  on  shipboard,  it  is  dedrable 
to  ascertain  a  new  rate  as  often  as  possible.  The  process  of  obtaining  a  rate  involves 
the  determination  of  the  error  on  two  different  oocasiona  separated  by  an  interval 
of  time  of  such  length  aa  may  be  convenient ;  the  change  of  error  during  this  intemd, 
divided  by  tiie  number  of  days,  gives  the  daily  rate. 

BzAitn.1:  On  Much  10,  at  noon,  found  chionoroeteo-  No.  676  to  be  0"  32*.6  fast  of  Q.  M.  T.;  on  Hifch 
30,  at  noon,  the  nune  chronometer  was  0"  48*. 0  faaC  of  G.  M.  T.    What  was  th«  rateT 


Change  in  10  daya,      ~    ^      15  .  5 

Daily  rate,  -  ^4^       I'.Sfi 

The  chronometer  is  therefore  gaining  1*.55  per  day. 

811.  DBTEBiaNfNa  Ebeor  fboh  Ratb.— The  error  on  any  ^ven  day  bdng 
faiowa,  together  with  the  daily  rate,  to  find  the  error  on  any  other  day  it  is  only 
aeoessary  to  multiply  the  rate  by  the  number  of  days  that  may  have  elapsed  and 
to  apply  the  product  with  proper  sign  to  the  given  error. 

What 

Enor  Dec.  17,  -3"  27* .5  Daily  lale,  -VA7 

Conedion,       -       4 .2  No.  daya,  » 

EnOT  Dec.  26,  -3    31  .7  Cort.,  -4  .23 

The  chronometer  ia  therefore  sltno  of  G.  M.  T.  on  December  26,  3"  31*.7. 

813.  It  is  necessary  to  distinguish  between  the  si^is  of  the  chronometer  corrte- 
tion  and  of  the  chronometer  error.  A  chronometer  fast  of  the  standard  time  is 
conodered  as  having  a  pontwe  error,  since  ita  readings  are  poative  to  (greater  than) 
those  of  an  instrument  showing  correct  time;  but  the  same  chronometer  has  a 
*egaixoe  eorreetion,  as  the  amount  must  be  subtracted  to  reduce  chronometer- readings 
to  correct  readings. 

818.  Numerous  methods  are  available  for  determining  the  error  of  a  chronometer 
in  port.    The  prindpal  of  these  will  be  given. 

BT  TUB  SIGNALS. 

814.  In  nearly  all  of  the  important  ports  of  the  world  a  time  signal  is  made  each 
dty  at  aome  defined  instant.  In  many  cases  this  consists  in  the  dropping  of  a  time 
bw — the  correct  instant  being  given  telegraphically  from  an  observatory.  In  a 
manber  of  places  where  there  is  no  time  baU  a  aignal  may  be  received  on  t^e  instru- 
nieBts  at  the  telegraph  offices,  whereby  mariners  may  ascertain  the  errors  of  ^eir 
chronometers.  Such  signals  are  to  be  had  in  almost  every  port  of  the  United  States, 
■od  aimilar  signals  are  bung  sent  out  from  Qoyemmeot  radio  stations,  so  that 
h  ia  now  possible  to  find  the  error  of  the  chronometer  on  board  ^ps  fitted  with 
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racdiving  instruments  when  lying  in  port  and  also  when  underway  within  radio 
distsnce  of  these  stations. 

The  time  signal  may  be  given  by  a  gunfire  or  oth«r  sound,  in  which  case  aUowance 
must  be  made  by  the  oDBeryer  for  tlie  lei^th  of  time  necessarr  for  the  sound  to  travd 
trom  the  point  of  origin  to  his  position.  Sound  travels  1,090  feet  per  second  at  32**  F., 
and  its  velocity  increases  at  the  rat«  of  1 . 1 5  feet  per  second  with  each  degree  increase 
of  temperature.  If  V  be  the  velocity  of  sound  in  feet  per  second  at  the  existing 
temperature,  and  D  the  distance  in  feet  to  be  traversed,  m,  is  the  nimiber  of  seconds 

to  be  subtracted  from  the  chronometer  reading  at  the  instant  of  hearing  the  signal 
to  ascertain  the  reading  at  the  instant  the  ragnal  was  made. 

liia  metJiod  of  obtaimng  the  chronometer  error  conmsts  in  taking  the  difference 
between  the  standard  time  and  chronometer  time  at  the  time  of  observation  and 
marking  the  result  with  appropriate  sign. 

1  chioDDmetor  at  the  Hma 


Chro.  enTor,  —        2    tt7  . 5 
Thftt  is,  chronometer  is  (low  2' 07* .5;  cbTonometereorredion  additive. 
BT  TSAHSIVS. 
816.  The  most  accurate  method  of  finding  the  chronometer  correction  is  by 
means  of  a  transit  instrument  well  adjusted  in  (he  meridian,  noting  the  tim«fi  of 
tranfflt  of  a  star  or  the  limbs  of  the  sun  across  the  threads  of  the  instrument. 

At  the  instant  of  the  body's  passage  over  the  meridian  wire,  mark  the  time  by 
the  chronometer.  The  hour  angle  at  W6  instant  is  0**;  therefore  the  local  udereal 
time  is  equal  to  the  ri^t  ascension  of  the  body  in  the  case  of  a  star,  or  the  local 
apparent  time  is  0"  in  the  case  of  the  sun's  center.    By  converting  this  sidereal  or 

Sjparent  time  into  the  corresponding  mean  time  and  applying  the  longitude,  the 
reenwioh  mean  time  of  transit  is  given.    By  comparing  with  this  the  tune  ^own 
by  chronometer  the  error  is  found. 

ExAXPLx:  1918,  Hay  9  (Ast.  day),  in  Long.  44°  30'  E.,  obaervvd  Oie  tnn^t  of  Aictnnia  over  the 
middle  wire  of  the  teleecope,  the  time  noted  by  a  chronoffleter  regulated  to  Greenwich  mean  time  beioc 
S'  05"  39>.S.    RMioired  the  error. 

L.  8.  T.  (B.  A.  *), 

Long., 


14*  11- 
2    68 

52'.9 
3S 

11    13 
3   07 

I«.B 
51.8 

8    06 
1 

25. 1 
19.  K 

8   04 
8   05 

oe.6 

83. K 

ChlD.fRBt,  1     27.9 

EZAiiFU:  June  26, 1916,  in  Long.  W  E.,  observed  the  tnuuit  of  both  limbeof  tlie  aan  over  the 
ffidian  wire  of  the  telesoope,  noting  the  timea  by  a  chronometer.  Find  the  error  of  the  chronometer 
G.M.T. 

1. 1.,  24*  20*.,  2^  W.  1 


Transit  of  western  limb, 
Tnnsit  of  eastern  limb, 

8^04»02'.6 
8    06    20.0 

Chro.  time,  loc.  app.  noon. 

8    06     11.25 

L.  A.  T.,loc.  app.  noon, 
Eq.t.,                               + 

L.M.T.,  loc.  app.  noon. 
Long., 

0*  OO-OO" 
2     19.1 

0  02  19.1 
4    00    00 

G.M.T.,  loc.  app.  noon, 
Chro.  time,  loc.  app.  noon. 

8  02  19.1 
8    05     11.26 

Cbro.lMt, 

2    62.15 
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816.  The  problem  involred  in  this  solution,  by  reason  of  its  frequ«nt  application 
to  detenmning  the  longitude  at  sea,  ia  one  of  the  most  important  ones  in  Nautical 
AstroDomy.  It  conas^  in  findjjg  *bn  hour  ni^glH  from  ^ven  values  of  the  altitude, 
latitude,  and  polar  distance.  The  hour  angletnua  obtamed  ia  colttTBrWd  by  uiuaua  " 
of  tiie  lon^tuae  and  equation  of  time  in  the  case  of  the  sun,  or  longitude  and  right 
ascension  in  the  case  of  other  celestial  bodies,  into  Greenwich  mean  time;  and  this, 
comi«red  with  the  chronometer  time,  gives  the  error. 

317.  It  should  be  borne  in  mind  that  the  most  favorable  podtion  of  the  heavenly 
body  for  time  observations  is  when  near  to  the  prime  vertical.  When  exactly  in 
tbe  prime  vertical  a  small  error  in  the  latitude  produces  no  appreciable  effect. 
iWefore,  if  the  latitude  is  uncertain,  good  results  may  be  obtained  by  observing  the 
sun  or  otjier  body  when  bearing  east  or  west.  If  obsOTvations  are  made  at  the  same 
or  nearly  the  same  altitude  on  each  side  of  the  meridian  and  tbe  mean  of  the  results 
is  taken,  various  errors  are  eliminated  of  which  it  ia  otherwise  impossible  to  take 
account,  and  a  very  accurate  detemunation  is  thus  afforded. 

818.  With  a  sextant  and  artificial  hOTizon  or  good  sea  horizon,  several  altitudes 
oi  a  body  should  be  observed  in  quick  succession,  noting  in  each  case  the  time  as  shown 
by  a  hack  chronometer  or  comparing  watch  whose  error  upon  the  standard  chronom- 
eter is  known.  Condensing  the  observation  into  a  brief  interval  justifies  the  assump- 
tioQ  that  the  altitude  vanes  uniformly  with  the  time.  A  very  satisfactory '  method 
ia  to  set  the  sextant  in  advance  at  dennite  intervals  of  altitude  and  note  the  time  as 
contact  is  observed. 

319*  Correct  the  observed  altitude  for  instrumental  and  other  errors,  reducing 
the  apparent  to  the  true  altitude. 

If  the  sun,  the  moon,  or  aplanet  is  observed,  tbe  declination  is  to  be  taken  from 
the  Xautical  Almanac  for  the  tmie  of  the  observation.  If  the  chronometer  correction 
18  not  approximately  known  and  it  ia  therefore  imposable  to  determine  the  Greenwich 


mean  tame  of  observation  with  a  fur  degp^e  of  accuracy,  the  first  hour  angle  found 
will  be  an  approximate  one;  the  declination  corrected  by  this  new  value  oi  the  time 
will  produce  a  more  exact  value  of  the  hour  angle,  and  the  operation  may  be  r^eated 
natii  a  sufficiently  precise  value  is  detenmned. 

JKSO.  In  figures  48  and  49  are  given: 
'  AU  —h,  the  altitude  of  the  body  M; 

DH  ^d,  the  declination;  and 

Q'Z  — L,  tbe  latitude  of  the  pdace. 

ux  tbe  a8tiY>nomical  triangle  FMZ  there  may  be  found  from  the  foregtnug: 

ZM— 2,  thezenithdistauoeof  thebody,-90''-A; 

Dintiz.ribyGOOgle 
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PM»2>,  l^e  polar  disbuiee,—90°±d;  and 

PZ  -CO.L,  the  co-latitTide  of  the  place,  =  90°-L. 

From  theee  data  it  is  required  to  find  the  angle  MPZ  the  hour  angle  of  the 
body,  —  t.    "niis  is  given  bj  the  f ormttla : 


f 


» 1  f_c(»i(h+'h+^)aini(Xi+p~h)  ^ 
CO0  li  wa'p  */ 


If  we  let  B'-i  (h+Jj  +  p),  this  becomes: 

ahi  J  (  "  ^aec  L  cosec  p  cos  8  sin  («  — ^ 

The  polar  distance  is  obtained  b^  adding  the  declination  t>o.90°  ^cn  of  different 
name  from  the  latitude  and  subtracting  it  from  90°  when  of  the  same  name.  like 
latitude  and  altitude,  it  is  always  positive. 

If  the  fiun  is  the  body  obsorved,  the  resulting  hour  angle  is  the  local  apparent 
time  and  ia  to  be  taken  from  the  a.  m.  or  p.  m.  column  (^T^ble  44  aco(»ding  as  the 
altitude  is  observed  in  the  forenoon  or  afternoon.  If  the  moon,  a  star,  or  a  planet 
be  taken,  the  hour  angle  is  always  found  ia  the  p.  m.  colunm. 

Local  apparent  time  as  deduced  from  an  observation  of  the  sun  is  converted  to 
local  mean  tmie  by  the  apphcation  of  the  equation  of  time;  Uten,  by  atUing  the 
longitude  if  west  and  subtracting  it  if  east,  the  Greenwich  mean  time  is  obtained. 

The  hour  angle  of  any  other  body,  added  to. its  right  ascension  whta  it  is  west  of 
the  meridian  at  observation  or  subtracted  therefrom  when  east,  gives  the  local  sidereal 
time^  which  may  be  reduced  to  Greenwich  sidereal  time  by  the  applicatien  of  the 
longitude,  and  thence  to  Greenwich  mean  time  by  methods  previou^y  explained. 

A  comparison  of  the  Greenwich  mean  time  with  the  cmvnometer  time  of  si^ 
givee  the  error  of  the  chronometer. 

Examplb:  Juitutiy  20, 1916,  p.  m.,  in  Ut.  *»'  H'  W  S..  Lons.  69°  03'  W  E.,  obMrved  a  seria 
of  altitudes  of  the  sun  with  *  MzUnt  and  utiflcial  horison;  meMi  double  altitude,  N°  OS'  10''',  iauoM 
approaching;  meanof  limea  by  comparing  w»tch^«"6fl";  C — W,7''23"26";  index  coirection, — 1' iS^'; 
appronmate  chronometer  correction,-^!)"  10*.     what  wsa  the  exact  chronometer  errorT 

W.T..  «k  W*6«-  Oba.lklt.Q       m' W  10"  DklIK,  M'M'.SB.  Bq.t.«s  V^SM 
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L.  A.  T., 

Eq.  t.. 


2)19.49138  Chro.  slow,    0    00    B9.2 

n)l       9.74569 


4 
4 

41 

3« 

32.2 
12.0 

0 
0 

05 
M 

20.2 
21.0 
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ExufPu:  Hb7  18,  191S,  p.  m.,  in  Lat.  S"  03'  22"  S.,  Long.  34°  SI'  hV*  W.,  obMrved  a  Miiee  of 
iltitadeg  of  iha  star  ArctnruB,  east  A  the  moiduia,  iuiq[  wtlflcial  hoiuon;  mwn  doable  altitude, 
Vf  \V\  mean  vatch  time,  6"  60-  32-;  C— W,  2*  20*  ed>.S;  T  C,  +2*  00".  Find  the  true  error  of  the 
chroiranielei. 


W.  T., 
C-W, 

*>  60- 32' 
2    SO    &0.6 

Obe.  2  aU.  *, 
I.  C,          + 

60-  W  00" 
2    00 

2)00    12    00 

R.  A.  *,    14*  ll-62'.9 
Dec.  *,      19"  W  64" 
p,              109"  W  64" 

chio.t., 

9    11    8LS 

14*  11" 
-  8    86 

62-.  9 
01.3 

10 

+  2 

36 
10 

61 
27 

6 
8 

12 
-  8 

65 
43 

19 
20 

4 
8 

9 

11 

1 

68 
90 

6 

4 

9 
9 

10 
11 

28 
31 

3 
6 

BT  I>OTOU  AKTITUXnS  OK  ALTlTDDBfl  OH  OPPOSm  SDOS  OV  THK  HXUIUAV. 

830.  Instead  of  relying  od  a  aingle  determination  of  the  chronometer  error  from 
attitudes  on  one  side  of  the  meridian,  it  is  better  to  observe  the  same  body  on  both 
sides  of  the  meridian,  and,  if  possible,  at  about  the  same  altitude.  The  error  of  the 
(dironometer  haying  been  found  from  each  set  of  sights,  the  mean  is  taken  as  the 
oorrect  error,  and  this  meaa  will  probably  be  nearer  the  true  error  than  the  result 
from  either  set;  the  «fieot  of  the  constant  errors  of  latitude,  instrument,  and  obserrer, 
being  opposite  in  the  two  cases,  wiU  be  eliminated  by  takiiig  the  mean. 
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CHAPTER  XII. 
LATITUDE. 


BT  KBBmiAV  AIJTITUDE. 

321.  The  latitude  of  a  place  oa  the  surface  of  the  earth,  being  its  angular 
distance  from  the  equator,  ia  measured  by  an  arc  of  the  meridian  between  tiie  zenith 
and  the  equator,  and  hence  is  equal  to  the  declination  of  the  zenith;  therefore,  if  the 
zenith  distance  of  any  heavenly  body  when  on  the  meridian  be  known,  together  with 
the  declination  of  the  body,  the  latitude  can  be  found. 

Let  figure  60  represent  a  projection  of  the  celestial  sphere  on  the  plane  of  the 
meridian  NZS;  O,  the  center  of  the  sphere;  NS,  the  horizon;  F  and  F',  the  poles  of 
thesphere;  QCIQ',  theequator;  Z,  the  zenith  of  the 
observer.  Inen,  by  the  above  definition,  Z<^  will 
be  the  latitude  of  the  observer;  and  NP,  the  altitude 
of  the  elevated  pole,  will  also  equal  the  latitude. 

Let  M  be  the  position  of  a  heavenly  body  north 
of  the  K{v&toTj  but  south  of  the  zenith;  Qii—d,  its 
declination;  MS-A,  its  altitude;  and  Zm<-2-90" 
—  h,  its  zenith  distance. 

From  the  figure  we  have: 


T-^, 


+  MZ,  or 
-d+e. 


By  attending  to  the  namee  of  e  and  d,  marking 

the  zenith  distance  north  or  south  according  as  the 

zenith  is  north  or  south  of  the  body,  the  above 

equation  may  be  considered  general  for  any  portion  of  the  body  at  upper  transit, 

as  M,  M',  M  . 

In  case  the  body  is  below  the  pole,  as  at  M'" — that  is,  at  its  lower  culmination — 
the  same  formula  may  be  used  by  substituting  180°— d  for  d.  Another  solution  ia 
given  in  tlus  case  by  observing  that: 

NP-PM".'+NM"',or 

L-p+A. 

322.  A  common  practice  at  sea  is  to  commence  observing  the  altitude  of  the 
sun's  lower  limb  above  the  sea  horizon  about  10  minutes  before  noon,  and  then,  by 
moving  the  tangentr^crew,  to  follow  the  sua  as  long  as  it  rises;  as  soon  as  the  highest 
altitu^  is  reached,  the  sun  begins  to  fall  and  the  lower  limb  will  appear  to  dip. 
When  the  sun  dips  the  reading  of  the  limb  is  taken,  and  this  is  regarded  as  the 
meridian  observation. 

It  win,  however,  be  found  more  convenient,  and  frequently  mora  accurate,  for 
the  observer  to  have  his  watch  set  lor  the  local  apparent  time  of  the  prospective  noon 
longitude,  or  to  know  the  error  of  the  watch  thereon^  and  to  regard  as  the  meridian 
altitude  that  one  which  is  observed  when  the  watch  mdicates  noon.  This  will  save 
time  and  try  the  patience  less,  for  when  the  sun  transits  at  a  low  altitude  it  may 
rem^n  "on  a  stand,"  without  appreciable  decrease  of  altitude  for  several  minutes 
after  noon;  moreover,  this  method  contributes  to  accuracy,  for  when  the  conditiona 
are  such  that  the  motion  in  altitude  due  to  change  of  hour  angle  is  a  slow  one,  the 
motion  therein  doe  to  change  of  the  observer's  latitude  may  be  very  material,  and 
thus  have  considerable  influence  on  the  time  of  the  sun's  dipping.  This  error  is  laige 
enough  to  take  account  of  in  a  fast-moving  vessel  making  a  course  in  which  there  is  a 
good  deal  of  northhig  or  southing.  ^^  , 

126  -  D,nt,z..b,G00glC 


In  obeerying  the  altitude  of  Bay  other  heavenly  body  than  the  sun,  the  watch 
time  of  transit  ^ould  previously  be  computed  and  the  meridian  altitude  taken  by 
time  rather  than  by  the  dip.  This  is  especially  important  with  the  moon,  whose 
rapid  motion  in  dedinatioa  may  introduce  still  another  element  of  inaccuracy. 

823.  The  watch  time  of  transit  for  the  sun,  or  other  heavenly  body,  may  be 
found  by  the  forms  ^ven  below,  knowing  the  prospective  longitude,  the  cmonometer ' 
enoT,  and  the  amount  that  the  watch  is  slow  of  the  chronometer.  Zn  this  connection, 
article  404  describing  the  method  of  setting  the  watch  to  L.  A.  T.  may  be 
pro&tably  read. 

For  the  Sun.  For  other  Bodiei. 

L.  A.  T.  noon,                        0*  00»  00*               L.  8.  T.  truuit,                      {Right  Bscenaion.) 
Low- (+if  west),  ±    LoM-i+ifwert),  ±    

Bq.t.,    '  ±    R.  A.  m!8.,0»,  -    

G.  M.  T.,  8id  int.  fawn  O', 

C.  C.  (8^  reveiMd),       T    Bed.  (Tab.  8),  -    

Chio.  time,  O.M.  T., 

C— W,  -    0.  C.  (sign  reversed),       T    

Wfttch  time  noon,  Cbro.  time,  ' 

0— W,  -    

Watcli  time  transit, 

824.  From  the  observed  altitude  deduce  the  true  altitude,  and  thence  the  true 
lenith  distance^  Mark  the  senith  distance  North  if  the  zenith  is  north  of  the  body 
idien  on  the  moidian.  South  if  the  zenith  is  south  of  the  body. 

Take  out  the  declination  of  the  body  from  the  Nautical  Almanac  for  the  time 
of  meridian  passage,  having  regard  for  its  proper  sign  or  name. 

lite  algebraic  sum  of  the  declination  and  zenith  distance  will  be  the  latitude. 
Dierefore,  add  together  the  zenith  distance  and  the  declination  if  ihey  are  of  the 
game  name,  but  toke  their  difference  if  of  opposite  names;  this  sum  or  difference 
irilt  be  the  latitude,  which  will  be  of  the  same  name  as  the  greater. 


0tB.itt.,     «rO»'OI>"  (T«b.  48), +10"  SI"  D«o,  3frr.l   If.  O.A,T., 

Cor.,       +       a  31  L  C,        +  S  00  Eq.  k, 

B.D„  SJI 

i,  w  17  n  Cor.,       +13'  2i"  a.  U.  T., 


Bxamplb:  At  sea,  Mav  15. 1916,  in  Lone.  0",  th«  obaerved  meridian  altitude  of  the  sun's  lower 


examplb:  At  sea.  May  15, 1916,  in  Long.  0",  the  obaerved  meridian  altit 
limb  WM  30"  ly  10";  mnbewing  norOi;  I.C.,+1'30";  height  of  the  eye,  15  h 

01».«lt,     M'VfW  (Ttb.  48>,+10'S2"  I>tc.,l*l2»,     18*  W.2   N. 

CdT.,        +       13  gs  I.e.,         +  1  10  I 


a.  II.  T.,  U*  X 


18    tl  M    N. 
40    «   M    B. 
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ExAimi:  JknuuT  1, 1916,  the  obserrwl  msridian  kltitnde  ot  airins  wu  53°  SS'  40",  beuing  ■ 
I.  C.,+y  0";  hai^t  of  the  eve,  17  teet. 

Obfc  Bit.,     63"  23'  40"  n»b.  46)-4'  «"  I>«^  *,    16"  S^  00"  8. 


A,  M    23    »  OofT.        +0'  16" 

3«"  38'  06"  N. 


z 


20    00    06    N. 

ExAMPUt:  June  13, 1916,  i 
B  suh'b  lower  limb  waa  8°  16'  ■       .       „  .   . 

Greenwich  ftppttient  time  of  lower  culminuioQ,  June  13,  16^80*  (—Long.+12^). 

"       '  "  "'  '"  "      " ■  0.  A.  T.,16*20"00« 

Eki.  t.,      -  04.  S 


Obi.  »lt.,       8"  16*  10" 
Corr.,                   5    11 

(T»b.  46), 
Dec.  16^, 
H.D., 
G.  M.  T., 
Corr.. 
Dec., 

A,                    8    21    21 

.,                   81'  38'  39"  S. 
laO'-d,      156    44    C2    N. 
L,                 75    06    13    N. 

76    00    13    N. 


23"  16.a  N.        f 

+ 

0".l 
0^.33 

+ 

0".03 

23" 

15'08"N 

6«' 

44'  62" 

166»  44-  62"  N. 

O.M.T-.lfl*'  lO-Se-.T 


EzAXPLi:  July  10, 1916,  in  Long.  80°  W.,  the  observed  maridiftn  altitude  at  the  mocm'i  upper  limb 
ii68"6'40",b«uingiionhi  I.  C,  +2*0";  hei|^t  ol  the  e^-  '"'"' 


e  eye,  19  feet. 

O.  U.  T.,otQr.  tniMit         7 
Corr.  fw  Long.  (T»b.  11),+ 


l,  58    18    10  Ooir.,         +  11'  30"  L.  U.  T.  local  tnudt, 

.,             30    41    60    S.         Hor  Par       50'  12"             ^*^"  '^JLJ^ 

i,             22    40    42    S.                        '                              0.  M.  T..  loc«l  tawit,  13^  13- 

H.  D.,  -         8.'6 

G.  M.  T.,  l^^2 

Dec,             22"  40'.7  8.       0(«r.,  -       10',3 

Examplb:  At  see,  September  16, 1916,  in  Long.  75°  E.,  the  observed  meridian  iltitude  of  Jnpiter 
wu  51°  25'  24",  b«uing  north;  I.  C.,+3<  0";  faei^t  Ol  the  eye,  16  feet. 

Obs.»lt.,    51"  26'  24"             (TP»b.46),-      4'42"            G.  M.  T..  Gr.  tr — '*  i*  <«- 
Coir.,                   1    42               I.  0.,        +      3  00               Corr.  for  Long., 


K 

61 

23 

42 

Oocr., 

DecO>, 

Oott., 

-      1'42" 

11"  S»'.6  N. 
.6 

L.M.T.,o(lonltiuelt,   14 

38 
11 
26 

H 

67 

18  a. 

64    N. 
24    S. 

O.U.T.  of  local  tnuait,     0 

f.l:r.. 

Dec.,  11"  38'.»  N.        Corr.,  -S7"-.«' 

8&S.  Constant. — In  workmg  &  meridian  altitude,  especially  the  daily  noon 
obserration  of  the  son,  it  is  frequently  a  convenience  to  arrange  the  toms  bo  that 
all  computation,  excepting  the  application  of  the  obeeiTed  aftitude,  is  completed 
beforehand ;  then  the  shipli  latitude  will  be  known  immediately  after  the  sight  has 
been  taken,  it  being  necessary  only  to  add  or  subtract  HbA  altitude.  (See  ait.  323.) 
It  is  assumed  that  the  noon  longitude  will  be  sufficiently  accurately  known  in 
advance  to  liable  the  navigator  to  correct  the  declination;  also  the  approximate 
meridian  altitude  to  correct  Uie  parallax  and  refraction  j  if  the  tatter  is  not  known, 
it  mar  readily  be  found  from  the  declination  and  approxmiate  latitude. 
Oeoierally  speaking, 

Lat.— Zenith  distance + Dec., 
-fW-True  alt.  +  Dec., 
-90°-(Obe.  alt.+CbrrO  +  Deo., 
-(90''  +  Dec.-Corr.)-Obs.  alt., 
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io  which  the  qnantity  (90°  +  I>ec.—CoiT.)  maybe  termed  a  CbrwfaMf  for  the  meridiaa 
■Ititude  of  the  day,  as  it  remains  the  same  r^ardlees  of  what  the  observed  altitade 
may  prove  to  be.  The  oonataiit  having  been  worked  up  before  the  obeerration  is 
made,  the  latitude  will  be  known  as  Boon  as  the  obeerved  altitude  ia  applied. 

To  avoid  the  confoaion  that  misht  arise  from  the  necessity  of  combining  the 
terms  aigtbrauxdli/  according  to  their  different  names,  it  may  be  convenieot  to  mvide 
the  problem  into  four  cases  and  lay  down  rules  for  the  anihmelieai  oombination  of 
the  tenns,  disregarding  their  respective  names  as  follows: 

Case  I.  Lat.  and  Dec.  same  name,  Lat.  greater,  +90°+Dec.  — Corr.— Oba.  alt. 
Caae  II.  Lat.  andDec.  samename,  Dec.  greater, --90°+Dec.+Corr.+Obs.  alt. 
Case  III.  Lat.  and  Dec.  opposite  names,  +90"*— Dec.— Corr.— Obs.  alt. 

Cat6  IV.  Lat.  and  Dec.  same  name,  lower  tranat,  +90°— Dec  +  Corr.+Obs.  alt. 

The  correctness  of  such  an  arran^ment  will  become  readily  apparent  from  an 
inspection  of  fiTore  60.  The  assumption  has  been  made  that  the  correction  to  the 
obsBTved  altitude  is  pontive;  when  this  is  not  true  the  sign  of  the  correotiiui  must 
be  reversed. 

As'  examples  of  this  method,  the  first,  second,  third,  and  fifth  of  the  examples 
{ffevioualy  given  illustrating  the  meridian  altitude  will  be  worked,  ximng  the  constant; 
the  details  oy  which  Con-,  and  Dec.  are  obtained  are  omitted,  bung  the  same  aa  in 
&6  originals. 

lai  SXAMnx.  3d  Exahfue. 


IS  n 

II  a 

-  *u   M  CO 

n  o>  <c  (N.) 


BT  UEDUUnOX  TO  THB  XEKISUN. 


^6.  Should  the  meridian  observation  be  lost,  owing  to  clouds  or  for  other 
reason,  altitudes  mav  be  taken  near  the  meridian  and  the  times  noted  by  a  watch 
compared  with  the  chronometer,  from  which,  knowing  the  longitude,  the  hour  angle 
may  be  deduced. 

If  the  observations  are  within  26"  from  the  meridian,  belore  or  after,  the  oorrec- 
tion  to  be  applied  to  the  observed  altitude  to  reduce  it  to  the  meridian  altitude  may 
be  found  by  mspection  of  Tables  26  and  27.  Table  26  contains  the  variation  of  the 
altitude  for  one  minute  from  the  meridian,  expressed  in  seconds  and  tenths  of  a 
second.  Table  27  contains  the  product  obtained  by  multiplying  the  square  of  the 
ouDUtes  and  seconds  by  the  chaii^  of  attitude  in  one  minute. 

Let  a '-change  of  altitude  (in  seconds  of  arc)  in  one  minute  from  the  meridian: 
H* meridian  ititude; 
A -•  corrected  altitude  at  observation;  and 
(—interval  from  meridian  passage. 
The  value  of  the  reduction  to  the  meridian  altitude  of  each  altitude  is  found  by 
the  formula: 

H-A+aP, 

d  being  found  in  Table  26,  and  at'  in  Table  27;  hence  the  followin^g  rule: 

Fmd  the  hour  angle  of  the  body  in  nunutes  and  seconds  of  tune.  Take  from 
Table  26  Uie  value  oia  correspondmg  to  the  declination  and  the  latitude.  Take 
from  Table  27  the  value  of  at'  corresponding  to  the  a  thus  found  and  to  the  interval, 
iuminutee  and  seconds,  from  meridi^  passage.  This  quantity  will  represent  the 
amount  necessary  to  reduce  the  corrected  altitude  at  the  time  of  obeervation  to  the 
corrected  altitude  at  the  meridian  passage;  it  is  alwa}^  additive  when  the  body  is 
iuar  upper  transit,  and  always  to  be  subtracted  when  near  lower  transit. 

IT tbe  mean  of  a  number  of  sights  is  to  be  taken,  detemune  each  reduction  sepa- 
rately, take  the  mean  of  all  the  reductions,  and  apply  it  to  the  meau  of  the  altitudes; 
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it  ia  incorrect,  in  such  a  case,  to  tak«  the  metn  of  the  times  and  work  the  siffht  with 
this  sin^e  value  of  t.  The  differences  of  altitude  b<^ng  small,  the  parafiax  and 
refraction  will.be  senaiblT  the  same  for  all,  and  one  computation  of  the  correction  to 
the  obserred  (dtitnde  will  sufi&ce. 

Knowm^  the  meridian  altitude,  the  latitude  is  to  be  f  onnd  as  preTioufilr  explained. 

S27.  When  several  sights  are  taken,  the  most  expeditious  method  oi  calculating 
will  be  to  find  first  the  watch  time  of  transit,  and  thence  obtain  the  hour  angle  of  each 
observation  bv  comparing  the  watch  time  of  observation.  The  watch  time  of  transit 
may  be  found  as  already  explained  (art.  323)  for  computing  that  quantity  as  a  guide 
in  taking  the  mwidian  altitude,  but  the  hour  angle  thus  obtained  is  subject  to  a 
correction.  The  difference  between  watch  time  of  &&nsit  and  watch  time  of  observa- 
tion gives  the  watch  time — that  is,  the  mean  time — elapsing  between  transit  and 
observation.  A  fixed  star  covers  in  that  time  an  angle  corresponding  to  the  sidereal 
and  not  to  tiie  mean  time  interval,  and  a  reduction  should  be  made  accordingly  to 
give  its  true  hour  angle  at  the  instant  of  observation.  A  planet's  hour  angle  should 
be  corrected  in  the  same  way  (for  we  may  disregard  its  very  small  change  in  right 
ascension).  The  correction  may  be  entirely  n^lected  in  the  case  of  the  son,  as  tha 
difference  between  mean  and  apparent  time  intervals  is  immateriaL  The  reduction 
of  the  hour  angle  in  the  case  of  the  moon  becomes  rather  cumbersome,  so  much  so 
that  it  ia  better  to  find  the  hour  angle  of  this  body  by  the  more  usual  method  of 
converting  watch  time  to  G.  M.  T.,  and  thence  to  L.  S.  T.,  and  finding  the  difference 
between  the  latter  and  the  R.  A. ;  an  additional  reason  for  this  is  that  the  G.  M.  T. 
of  observation  must  be  known  exactly,  with  the  moon,  for  the  correction  of  the 
declination  (art.  330). 

328.  Table  26  includes  valuee  of  the  latitude  up  to  60°,  and  those  of  the  declina- 
tion up  to  63°,  thus  taldng  in  fdl  frequented  waters  of  the  globe  and  all  heavenly 
bodies  that  the  navigator  is  likely  to  employ.  No  values  of  a  are  given  when  the 
altitudes  are  above  86°  or  below  6°,  as  the  method  of  reduction  to  the  meridian  is 
not  accurate  when  the  body  transits  very  near  the  zenith,  and  the  altitudes  themselves 
are  questionable  when  ve^  low.  In  case  it  is  desired  to  find  the  change  of  eJtitude 
in  one  minute  from  noon  for  conditions  not  given  in  the  tables,  it  may  oe  computed 
by  the  formula: 

1'.9635  cos  h  cos  d 
sin  {L — d)        ' 

In  working  sights  by  this  method  where  great  accuracy  is  required,  as  in  det«^ 
miiung  latitudes  on  shore  for  surveying  purposes,  it  is  well  to  compute  the  a  rather 
than  to  take  it  from  the  table,  as  one  is  thus  enabled  to  employ  tiie  value  as  found  to 
the  second  decimal  place. 

Due  regard  must  be  paid  to  the  names  of  the  declination  and  latitude  in  workine 
this  formula*  if  they  are  of  opposite  names,  the  declination  is  negative,  and  L  and  d 
should  be  added  together  to  obtain  L — d. 

839.  Table  27  contfuins  values  of  tU*  up  to  the  limits  within  irtiich  the  method 
is  considered  to  apply  with  a  fair  de^«e  of  accuracy.  It  must  not  be  understood 
that  the  plan  of  miuction  to  the  meridian  is  not  available  for  wider  limits,  but  it 
would  seem  preferable  to  employ  the  if>'  if>'  formula,  described  hereafter,  when  the 
hour  angle  falls  beyond  that  for  which  the  table  is  computed.  On  the  other  hand, 
the  reduction  ia  not  exact  in  all  cases  covered  by  the  taole;  while  sufficientiy  so  for 
sea  navigation,  the  limits  ^ven  are  far  too  wide  for  the  precise  determmations 
required  in  surveying^  where  the  aim  should  be  to  observe  bodies  under  such  coaditiona 
that  the  total  reduction  at'  shall  not  exceed  1'. 

830.  It  should  be  kept  clearly  in  mind  when  employing  the  method  of  reduction 
to  the  meridian  that  the  resulting  latitude  is  that  of  the  ship  at  the  instant  of  observa- 
tion, and  to  bring  it  up  to  noon  the  run  must  be  applied.  The  declination  should 
properly  be  corrected  for  the  instant  of  observation-  with  the  sun  or  a  planet,  it  is 
sufficiently  accurate  to  use  the  declination  at  meridian  passage,  unless  the  interval 
from  the  meridian  be  quite  large;  but  the  moon's  declination  changes  so  rapidly  that 
the  exact  time  of  observation  must  be  used  in  its  correction  when  working  with 
this  body. 
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78°  42^  lO'^,  obsAved  altitude  at  nm  ne*r  maridiui, 
watcli  bat  of  L.  A.  T.,  7*.    Find  the  Utitude. 

Watch  time,  11^  40" 

Wfttch  fast,  I 


L.  A.  T., 


11    40    14 


OIm.  >It.,      31" 

11'  60" 
10    24 

a  (Tab.  26), 

1".6 

Ifer.  alt.,      31 

Coiutftnt,     78 

22    14 
42    10 

o(»(T»b.  27), 

1".0-  V  30" 
.6=-  3    64 

lAt.,             47 

IS    66  S. 

1  .6-10    24 

2»41-30';  chto.  c 
Quo.  t.,        2*  41-39' 
C.  C,       -  2    30 

G.  M.  T. 


G.  A.  T. 

Loog-, 


,      2 

SO    00 
6    24.3 

2 
-  2 

33    44.7 
40    00.0 

11 

53    44.7 

V     ,  UKV    uiuv    uy  m  v4uvtnjuiQi.Qi  rw  -       --     ---. _-  _ 

■  I.C.,-3'0'';  bei^tottheeye,  15feet.    Find  the  latitude. 

61»  48'  30"    Dec.  2*,      21' 68'.  9     N.    Eq.t.2*.,    6"24».  1 


(Tab.  46),+ 
I.  C, 

Corr.,        +~ 


O.  M.  T., 

Oorr., 

Dec., 


a  (Tab.  26),    2".  6 


Exakixk:  Iby  31, 1916,  in  Lat.  30"  IS'  N.,  Long.  6»  25-  42*  W.,  about  9  p.  m.,  observed  with  a 
■extant  and  artificial  horizon  «  aeriee  of  altitndee  of  Spica;  mean  observed  double  altitude  98°  00*  34"- 

noted  times  as  enumerated  below  b — *• ■'  — " *• .~-— i.j.,1,  __o«  aa.t.^  j 

G.  M.  T.;  C-W,  6*  20»  40-;  I.  C.,- 


y  a  watch  comtwred  with  a  chronometer  which  was  2-  33'  fast  cJ 
Find  the  latitude. 


B.  A.  !^  (L.  S.  T 

13* 
+  6 

20-48'.» 
26    42 

HeBii2«lt.* 
I.  C, 

ref., 

h, 

n  transit. 

,        M*  (JV  34" 
3    00 

r!  A. 

Dec., 

«(Tal 

*,        13*  20-48'.9 

10'  43'   42"  8. 

G.8.T., 
R.A.M.S.  Gr.O», 

IS 

4 

4«    30.9 
34    3«.l 

2)»8    03    34 

49    01    47 
60 

h.M),                   2".  5 

^.  int.  from  0^, 
Bed.  (Tab.  8), 

14 

11  '64.8 
2    19.7 

«    00    67 

afi  (Tab.  27). 

G.  M.  T.,                      14 

C.C.(«ignfeverBed),+ 

CbiD.  time  tianrit,       14 
C-W,                        -  5 

Og    35.1 

2    33 

12    08.1 
29    40 

Watch  time  ttaasit. 

8    42    28 
Intervals  fioi 

Watch  timee. 

8^  33-06-.  0 
35    06.5 
37    54.0 
40    37.0 
42    64.6 

46  32.5 

47  33.0 
49    20.0 

llean  time. 

-»»23«.0 
7    21.6 
4    34.0 
1    61.0 

+  0    26.5 
3    04.6 
6    05.0 
6    62.0 

Sid.  Ume'. 

-  8-24' 
7    23 
4    35 
1    61 

+  0    27 
3    06 
6    06 
6    63 

2.0       0.5        2.6 
y  66"  0"  44"  3'  40" 
1    49    0    27    2    18 
0    42    0    10    0    62 
0    07    0    02    0    09 
0    00    0    00    0    00 
0    19    0    04    0    23 

0  62    0    13    1    05 

1  36    0    23    1    68 

»,       49»  00-  87"    < 
«C,+         1    40 

H.      49    02    37 

f,       40    67    2S  N. 
d,       10    43    42  8. 

L,      30    13    41  H. 

3    42    0    55    4    37 
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ExAHFu:  August  0,  1914,  L«t.  SV  8.,  Long.  175°  27^  E.,  dnring  evemu  twili^t,  < 
MtitudeofAchemM,  near  lower  twndt.aa*  68';  w»tch  tiine,  4»  31»  IV;  C-WTo*  IS'OT';  chro.  tut  of 
G.  U.  T.,  12-  42*;  I.  C,  +1'  20";  heigiit  ol  «ye,  24  ft.    Find  hoar  U(^  bjr  both  methods;  thmce  the 
latitude. 


R.  A.  *  +  1!? 
L.  a.  T .  lowei  In 
Long., 

0*.  - 

),   + 

00" 
23 

13"  34-  38'.4 
11    41     48 

Wal«hti 
C-W, 

Chro.  t., 
C.  C, 

G.  H.  T. 
R.  A.y 
Red.{T^ 

G.  S.  T. 
Long.. 

L.  8.  T., 
R.  A.  :4c 

(, 

-6' 43" 
+1   20 

V  29" 

me. 

%iy.B.<^.^ 

1 
B 

52 
M 

50.4 
48.9 

8.  Gr.  6*  0»,  H 
b.9),              A 

Sid.  int., 
Red.  (IVb.  8), 

16 

68 
2 

01.5 
46.8 

G.  M.  T., 

C.  C.  (Bign  revewec 

16 

56 
12 

14.7 

42 

ChiD.time, 
C-W, 

6 
0 

07 
18 

66.7 
07 

+12* 

Wktclttlmetranrit 
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881.  Advantaees  are  gained  in  working  out  meridian  aJtUvdes  and  redtutioni  to 
ihe  meridian,  in  finding;  the  eonttant  for  a  meridian  altitude  or  a  reduction  to  the 
meridian,  and  in  predicting  the  approximate  altitude  of  a  body  to  be  obserred  on 
or  near  the  meridian,  by  projecting,  in  a  quickly  and  roughly  drawn  diagram  on  the 
plane  of  the  merid^n  of  the  observer,  the  known  data  entering  into  the  proUeiii. 
The  di^jam  or  figure  will  show  at  once  how  to  combine  the  data  to  find  the  required 
result,  and  its  use  tends  great^  to  accuracy.  It  is 
only  necessaiy  to  know  the  meaning  of  ihe  terms 
already  defined  and  to  remember  the  single  principle 
that  the  latitude  of  a  place  i*  equal  to  the  deiUnaaott 
of  He  zenUh. 

In  ereiT  case  draw  a  circle  (a  rough  approzima' 
tion  will  do)  to  represent  the  plane  of^  mtridw^  as 
in  figure  61.  The  center  O  is  the  poeition  of  the  ob- 
server. Draw  a  horizontal  line  through  O,  markiiig 
its  intersection  -with  the  circumference  on  the  right- 
hand  side  S,  and  on  the  left-hand  side  N.  Erect  a 
perpendicular  to  this  line  at  O,  and  mark  its  inter- 
section with  the  circumference  Z.  The  line  NS  is 
the  horizon ;  Z  is  the  zenith.  The  arc  ZS  is  that  por- 
tion of  the  meridian  between  the  zenith  and  the  south 
point  of  the  horizon;  the  arc  ZN  is  that  portion  of  the 
meridian  between  the  zenith  and  the  north  point  of  the  horizon.  If  the  meridiaii 
altitude  of  a  body  is  known  (i.  e.,  its  altitude  above  the  horizon  on  the  meridiui)i 
and  if  it  is  known  whetlier  it  bears  to  the  southward  or  to  the  northward,  its  poei* 
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tioD  eta  be  projected  at  once  on  the  figure.  Having  the  pontioD  of  the  heaT«ii}y 
body  OQ  the  meridlui  and  knowing  the  declination  of  thel>ody,  it  is  evidrait  ?diere 
to  draw  in  the  projection  of  the  equator.  Having  ih»  projection  of  the  equator, 
the  angalar  distance  between  the  equator  and  the 
zenith  (i.  e.,  the  declination  of  the  zenith)  is  the 
latitude. 

Hus  in  figure  62,  suppofflng  the  meridian  alti- 
tude of  any  heavenly  body,  M,  nas  been  observed, 
tad  that  at  the  time  of  observation  it  was  bearing 
south;  also  that  the  declination,  (2,. of  the  body  was 
south.  It  is  known  that  the  true  altitude,  h,  - 
observed  altitude  ±  altitude  oorr.  %nce  the  body 
beara  south,  if  the  true  altitude  is  A,  the  poaition 
of  the  body,  M,  can  be  located  by  laying  off  the 
arc  SM— A,  or  by  drawing  OM  bo  that  the  ande 
SOM—A.  This  ^ves  the  position  of  the  heavemy 
body  on  the  mendian.  ^nce  this  body  is  south  of 
the  equator  by  the  amount  of  the  declination,  the 
poaition  of  the  equator  may  be  drawn  by  laving  off 
the  angle  MOQ-d.  OQ  ta  the  projection  of  the  equator,  and  the  arc  ZQ(or  the 
an^  20<^,  being  the  dedination  of  the  zenith,  is  equal  to  the  Utitode.  TDke  for- 
mula for  miding  the  latitude  may  be  written  by  inspection  of  the  figure: 

L-90''-(A+d)-90»-A-i  (1) 

Shce  A-obs.  aU.±corr., 

L-QO^-ohe.  alt.±corr.— J.  (2) 

By  a  mmilar  prdcees  formuln  may  be  written  for  determining  the  approximaU 
iivae  of  the  heavenly  body  when  on  the  meridian  and  for  getting  a  noon  eontkmt. 
Hie  former  is  necessary  to  get  the  altitude  correction  before  takmg  thesiKht;  the 
Utter,  so  that  the  latitude  may  be  obtained  as  soon  as  the  altitude  is  read  »om  the 
sextant.  In  these  cases  the  D.  R.  latitude  and  longitude,  i^ch  have  to  be  worked 
out  in  advance  for  noon,  are  used.  The  longitude  is  used  to  get  the  correction  to  be 
apphed  to  the  equation  of  time  to  get  the  O.  M.  T.  of  local  apparent  noon  in  order  to 
get  the  correct  declination  at  Local  Apparent  Noon  at  the  noon  position.  Knowii^ 
tne  approximate  latitude  and  the  decimation,  they  are  projected  on  the  figure  in  this 
way.  K  the  latitude  is  north,  the  zenith  is  to  the  northward  of  the  equator  by 
the  amount  of  the  latitude,  and  to  get  the  position  of  the  equator  lay  off  the  angle' 
ZOQ—Idt.  If  the  latitude  were  south,  the  equator  would  of  course  he  on  the  north 
fflde  of  the  zenith  by  the  amount  of  the  latitude,  and  OQ  would  be  on  the  north  side  of 
the  circle.  Haying  the  position  of  the  equator,  draw  in  the  position  of  the  heavenly 
bo^  by  laying  it  off  to  the  north  side  or  to  the  eouth  Bide  of  the  equator  according 
to  tne  amount  and  direction  of  its  declination.  The  ai^le  between  the  horizon  and 
the  heavenly  body  will  be  the  altitude  of  the  body.  This  is  the  usual  method  of 
plottmg,  and  all  that  has  to  be  done  is  to  lay  the  angles  off  on  the  proper  sidee, 
marljng  them  appropriately,  and  then  write  down  the  formulse.  Suppose  it  is 
required  to  find  the  approximate  noon  altitude.  An  inspection  of  the  figure  shows 
that 

approx.  A  -  90°  -  (L+d)  where  L  is  the  D.  R.  I^t.  (3) 

Suppose  it  is  required  to  find  the  constant  (E)  for  a  meridian  altitude.  It  is 
seen  from  the  figure  that 

L  -  90°  -  A  -  d  =  90°  -  ohe.  alt.  ±  corr.  -  d 
=  K~obs.  alt. 
or 

K-90°±corr.-d.  (4) 

In  the  same  way  any  combination  may  be  plotted,  and  the  correct  formuhe  may 
be  written  out  at  once.  Suppose  on  a  oertam  day  it  is  found  that  at  noon  the 
position  will  be  approximately  Lat.  10°  S.,  I;ong,  30°  15'  W.,  and  that  the  declination 
of  the  sun  at  noon,  corrected  for  O.  M.  T.  of  local  apparent  noon  at  the  noon  position, 
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is  20°  30'  S.,  &nd  it  is  desired  to  find  the  approxim&te  Qooa  altitude  and  obtain  the 
coDgtant,  E.  Draw  the  circle  representing  ihe  plane  of  the  meridian  (see  fig.  S3), 
draw  NS  representing  the  horizon,  and  OZ  representing  the  line  to  the  zenith.  Since 
the  approximate  latitude  is  10°  o,  the  equator  must  be  10°  norUi  of  the  zenith,  and 


jection  of  the  equator.  The  body  berag  20°  30'  south 
of  the  equator,  lav  off  OM  so  that  ihe  anfle  QOM- 
20°  30'.    SOM  wUl  be  the  approximate  altitude,  and 


OQ  is  drawn  to  the  north  of  Z  bo  that  the  angle  ZOQ- 10°.    OQ  is  then  the  pro- 
jection of  tie  equator.    The  body  being  20°  3(K  south 

of  the  equator,  lav  oP  ""       '    '^"■" 

20°  30'.    SOM  will  I 
the  formula  for  it  is 

approx.  R-90°  +  L-(i,  (5) 

it  is  abo  seen  that 
|SL-J+rf-90°-oh9.»It.±corr.+d-90°-K+ob8.  Bit 
or 

K-±corr.+d-ftO°. 

If,  instead  of  the  formolie  for  a  meridian  altitude, 
the  foimulre  for  a  reduction  to  the  meridian  are  re- 
no.  a.  qi^red,  there  is  no  change  in  the  figure  or  the  method. 

The  altitude  observed  t^fore  or  after  noon  is  cwrected 
to  make  It  the  noon  altitude  by  the  formula  A-A'  +  oT,  where  A  ia  the  noon  lati- 
tude, h'  the  altitude  observed  t  minutes  before  or  after  noon,  and  a  the  rate  of 
change  of  altitude  near  noon.    So  that  in  the  case  shown  in  figure  53 

L-A-|-d-90*'-A'-t-aP-l-d-90"'-obe.  alt.±cotr.+o*'+d-90°-K-Hob8.  alt.     (8) 

or 

K-  ±€on.  +  ae+d-9(f. 

The  formula  for  the  approximate  value  of  A,  as  shown  in  (5),  is  used  for  setting 
the  altitude  correction  in  this  case,  as  the  slight  difference  in  altitude  makes  no 
change  in  the  correction. 

l%e  formula  for  latitude,  ^ven  in  equation  (6),  is  the  formula  for  the  latitude  at 
noon  at  the  point  where  the  observation  was  taken.  But  a  ship  steaming  on  a 
course  does  not  remain  at  that  point,  and  what  is  demred  is  the  correct  latitude  <d 
the  ship's  position  at  noon.  Ii  L'  represents  the  latitude  of  the  place  where  the 
.observation  was  taken,  and  L  the  latitude  of  the  place  where  the  ship  is  at  noon, 
then  L—L'i  JL,  where  JLis  the  change  in  latitude  from  the  time  <a  observatini 
until  noon.  This  is  taken  from  the  Traverse  Tables.  But  from  equation  (6)  it  ia 
seen  that  L'-obe.  alt.±corr.-Hol*  +(J-90* 

.-.L-L'iJL-obs.  alt.±corr.+o?+d-90°±JL. 
-         K-t-ohe.  alt. 
w 

K=  ±corr.-l-a*'-l-d-90''±iL. 

BT  A  WJSaiM  AI/TTTDDB  AT  A  QIVBK  TOCB. 

882.  This  observation  should  be  limited  to  conditions  where  the  body  is  within 
three  hours  of  meridian  passive  and  where  it  is  not  more  than  45°  from  the  meridian 
in  azimuth;  also  where  the  declinaUon  is  at  least  3°.  On  the  prime  vertical  the 
solution  by  this  method  is  inexact,  and  when  the  hour  angle  is  G^,  or  the  declination 
0°,  it  is  impracticable. 

The  problem  is:  Given  the  hour  angle,  declination,  and  altitude;  to  find  the 
latitude.  The  solution  is  accomplished  by  letting  fall,  in  the  usual  astronomic^ 
triangle,  a  perpendicular  from  the  body  to  the  mendian,  and  considering  separately 
the  distances  on  the  meridian,  from  the  pole  and  zenith,  respectively,  to  the  _point 
of  intersection  of  the  perpendicular;  the  sum  or  difference  of  these  distances  is  the 
co-latitude. 
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Following  the  usual  deeignation  of  terms  and  introducing  the  auxiliaries  ^' 
■nd  ^',  the  formulie  are  as  foDowB: 

tan  d)'  —  tan  d  sec  t; 

cos  <}>'  —ainh  sin  ^'  cosec  d; 

The  terms  <f>'  and  ^*  will  have  different  directions  of  application  according  to 
tiie  position  of  the  body  relative  to  the  observer.  From  a  knowledge  of  the 
approximate  latitude,  the  method  of  combining  them  will  usually  be  apparent;  it  is 
better^  however,  to  have  a  definite  plan  for  ao  doing,  and  this  may  be  baaed  upon  the 
followmg  rule: 

iia^  <f>'  nort^  or  south,  according  to  the  name  of  the  decli^tion;  mark  A' 
north  or  south,  according  to  the  name  of  the  zenith  distance,  it  being  north  if  the 
body  bears  south  and  east  or  south  and  west,  and  aovih  if  the  body  bears  north  and 
east  or  north  and  west.  Then  combine  if>'  and  <f>'  according  to  their  names;  the 
reaolt  will  be  the  latitude,  except  in  the  case  of  bodies  near  lower  transit,  when 
180°  -  ^'  must  be  substituted  for  if/  to  obtain  the  latitude. 

It  may  readily  be  noted  that  if  we  substitute  A'  for  declination  and  ^'  for  semth 
diBtaitce^  the  problem  takes  the  form  of  a  meriaian  altitude;  indeed,  the  method 
resolves  itself  into  the  findibg  of  the  zenith  distance  and  declination  of  that  point  on 
the  meridian  at  which  the  latter  is  intersected  by  a  perpendicular  let  fall  from  the 
observed  body. 

The  time  should  be  noted  at  the  instant  of  observation,  frdm  which  is  found  the' 
local  time,  and  thence  the  hour  angle.of  the  celestial  .object. 

If  the  sun  is  observed,  the  hour  uigle  ia  the  L.  A.  T.  in  the  case  of  a  p.  m.  sight, 
or  12^— L.  A,  T;  for  an  a.  m.  sight.  If  any  other  body,  the  hour  angle  may  be  found 
as  hitherto  explained. 

Examixb:  ]uneT,1916,iiiL«t.  SO^SyN.,  Lod 
aba.  Q  75°  13',  beoriiiK  Bouth  and  vest;  I.  C,  -3'  < 
Find  the  ktltude. 
CbtoLt.,  »i>o>  otiB.iit.0,   n'U'oo" 
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lot.       0    21    39  S. 
Exakflb:  AuguBt6, 1916,  p.  in.,iiilAt.  62"  50' S.  by  D.R.,  Long.  I46<' 32' E.,obMrved  altitude  o( 
Acbenur,  near  lower  transit,  24°  01'  20"  beating  aoath  and  «ast;  watch  time,  (^  48*  2?;  C-W,  2*  13> 
S»;  chio.  con.  on  O.  M.  T.,  +  1*  5T>;  liQi«^t  ot  «ya,  18  feet;  I.  0.  +1'  00".    Find  the  latitude. 
Watch  time,  60  48-  22-  Oba.  alt.sk,  24°  01'  20"  R.  A.  ^,  P  34*  3S>.4 
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888.  This  method,  confined  to  northern  latitudes,  is  available  when  the  star 
Polaris  and  the  hori2on  are  distinctly  visible,  the  time  of  the  observation  being  noted 
at  the  moment  the  altitude  is  measw^. 

Reduce  the  observed  altitude  of  Polaris  to  the  true  altitude. 
.Reduce  the  recorded  time  of  observation  to  the  local  sidereal  time. 

less  than  Ih  29.2m,  subtract  it  from  Ih  29.2m; 
between  Ih  29.2m  and  13h  29.2m,  subtract  Ih  29.2DI 

from  it; 

[greater  than  13h  29.2m,  subtract  it  from  26h  29.2m; 
and  the  remainder  is  the  houI^-angIe  of  Polaris. 

With  this  hour-angle  take  out  the  correction  from  Table  I  of  the  Nautical 
Almanac,  and  add  it  to  or  subtract  it  from  the  true  altitude,  according  to  its  sign. 
The  result  is  the  approximate  latitude  of  the  place. 

Ezamplb:  1916,  Aneuet  6,  at  10>>  40"  30*  p.  m.  local  mean  solar  time,  in  longitude  69°  west  of  Green- 
wich, Buppoee  the  true  altitude  of  Folaris  to  be  33°  20'  0",  required  the  latitude  of  the  place. 

Local  astronomical  mean  time 10*  40"  SO" 

Redaction  from  Table  9  for  10*  40"  30- +       01    45 

Greenwich  sidereal  time  of  mean  noon,  August  5 8    54   49 

Reduction  from  Table  0  for  longitude  (=3*  66"  west,  or  plug) +       00    39 

Sum  (having  r^ard  to  signs)  is  equal  to  local  sidereal  time 19    37    43 


Remaidder  ia  equal  to  hour  an^eof  Polaris ^^—'       ^    "^    ' 

Dintiz^dbyGoOgle 
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Ihwiltbade +aS'W  OB" 

OwmctionfromTableloftbeNuilicalAlinAiiftc. -  I    U 

Appiaxiaute  Udtade  <d  tha  pUce +S3    18    W 

Obmrratioiia  of  Polaris  for  latitude  shoold  be  made  when  practicable  near  the 
timee  of  upper  or  of  lower  culminatioiu  (hour  ui^e  0^  or  12^).  However,  at  sea, 
k  made  near  elongation  (hoar  angle  6^  <xe  18^),  the  hour  ao^,  and  hence  the  local 
time,  ehoiild  be  known  within  one  minute. 

834.  Hie  latitude  maj  be  approximately  found  from  an  altitude  of  Polaris  bj 
compatati<m  from  the  formula: 

L-&±p  cos  (, 
in  which, 

A-tme  altitude,  deduced  from  the  observed  altitude; 

p—polar  distance— 90°— (2,  the  apparent  declination  being  taken  from  the 
Nautical  Almanac  tot  the  time  of  observation. 

(—star's  hour  aiule. 

Reduce  the  recorded  time  of  observation  to  the  local  sidereal  time. 

Take  out,  bom  the  Nautical  Almanac,  the  apparent  ri^t  ascension  of  Polaris 
f«  the  time  of  observation. 

Subtract  the  apparent  ri^t  ascension  from  the  local  sidereal  time,  and  the 
nmainder  will  be  the  hour  angle.  - 

To  %e  log  comae  of  the  hour  angle  add  the  Ii^paithm  of  the  ptdar  distance  in 
nuautee;  the  number  corresponding  to  the  reeultmg  l(^arithm  will  be  a  correction 
in  minutes  to  be  subtracted  from  the  star's  tine  altitude  to  find  the  latitude  when  the 
iionr  angle  is  kes  than  O**  or  more  than  IS**,  and  to  be  added  to  the  star's  true  altitude 
to  find  ue  latitude  when  the  hour  angle  is  more  than  6"  and  lees  then  18". 

ExAMTLs:  June  11,  I9U,  from  an  oboerved  altitude  of  PoUris,  the  true  altitude  wm  found  to  be 
19°  V  W.    Tiie  time  noted  by  »  Oreenwich  chronometer  ma  IS'  41~  26*;  cbro.  coit.— 2*  22';  Look. 

Omt.  time,  la""  41"  26-  ft,  29'  06'  66"  B.  A.  sk,  V  29*  IB* 

C.  a,  -  2    22  pcoa  1,+  I    08    96  ^^^^— 

Deo.,  88<»  61'  24"N. 

G.  H.  T.,  11',         13    30    04  Ut.,         90    14    31  N.  ^^^^ 

B.  A.  M.  S.,      +    6    17    68. 2  .  _,  >  1°  OS'  S»" 

-■-■-■  -    -  -  -  «  16-'- 


(Tftb.  0),  +           2  14.6                                                           »■•  \       68'.e 

S.8.T.,  18    S«  17                                                              p,         6»'.6  log          L83632 

HA.*,  -    1    29  1»  ,                                                        ^178"  66'  cm(-)  9.90992 

a.A.b 


a.A.(r«nnar.,      17    29    68    W.  „,w-  i     /      68'.eiog(-)  1. 

5    26    42    W.  P«« '--\1"  0»'S«'™ 


12    04    16    W. 


11^  66"  44>  E. 
,178*-  W  00" 


If  the  computation  is  extended  according  to  the  following  formula,  inserting  the 
vkhie  of  p  in  seconds  of  arc : 

L-A±pcos  f  + jp'sin  1"  sin**  tan  A,' 

thereeultinglatitudeissubiect  to  no  ereater  error  than  X";  but  if  p  cos  ( is  the  only 
eoTTection  applied  to  the  altitude  of  Polaris,  as  in  the  above  example,  the  resulting 
l&titude,  wbde  subject  to  littie  error  when  Polaris  is  observed  near  the  meridian,  wiU 
We  an  error,  when  (  =  6  hours,  increasing  with  the  altitude  and  amounting  to  1' 
iriien  A-54*'  and  to  3'  when  A-eS"*  30'. 

DETBBlflNATION  ON  SHOBB. 

885.  In  findine  the  latitude  on  shore  all  tbe  methods  are  available  that  have 
been  heretofore  eocMained  for  employment  in  finding  the  latitude  at  sea,  provided 
mly  that  an  artificial  horizon  (art.  256)  be  supplied  to  take  the  place  of  the  natural 
horizon  of  the  sea  in  obtaining  a  measurement,  by  the  sextant,  of  tbe  altitude  of  tbe 
celestial  body.    In  addition,  other  metiiods  may  be  conveniently  employed,  involving 
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the  use  of  a  theodolite  or  an  altaumuth  instrument,  which  the  obserra-  at  sea  is 
precluded  from  using  because  the  employment  of  such  instruments  requires  a  stead; 
platform. 

If  the  observation  is  to  be  made  with  a  theodolite  or  altazimuth^  the  Instrummt 
must  first  be  placed  level  bo  that  the  line  of  coUimation  of  the  telescope  revolves  in 
the  plane  of  the  true  meridian.  This  maybe  accomplished  by  means  of  laying  off  a 
true  meridian  from  the  true  bearing  of  a  terrestrial  object  from  the  instrument,  as 
determined  by  the  observation  described  in  articles  360  and  361. 

The  altitude  of  the  celestial  body  ia  then  measured  by  bringing  the  horizontal 
cross  wire  of  the  telescope  on  the  body  at  the  instant  the  Iwdy  tiinsits  the  meridiiin 
or  crosses  the  vertical  cross  wire  of  the  tdeecope,  and  then  reading  the  vertical 
circle. 

The  latitude  is  then  deduced  from  the  formula,  "L  —  d+z,  after  applying  the  propw 
corrections  for  index  error,  parallax,  and  refraction.  The  correction  for  mdex  error 
is  obtained  by  bringing  the  telescope  to  a  horizontal  position,  as  indicated  by  the 
level  tube  attached  to  the  telescope,  and  taking  the  corresponding  reading  of  the 
vertical  circle  immediately  before  and  after  each  observation. 

By  observing  the  altitude  of  each  of  two  stars  with  approximately  the  same 
zenith  distance,  one  north  of  the  zenith  and  one  south  of  the  zenith,  a  mean  value 
for  latitude  resulting  from  the  two  observations  may  be  obtained  which  is  not 
aJSected  by  the  error  m  estimating  the  absolute  value  of  the  astronomical  refraction, 
but  simply  br  the  error  in  estimating  a  very  small  difference  of  refraction  of  two 
stars  at  nearly  the  same  altitude. 

This  method  of  determining  the  latitude  of  a  station  is  known  as  the  Hoirebow- 
Talcott  method,  and  consists  of  the  measurement  of  the  small  differences  of  zenith 
distance  of  two  stars  which  transit  at  about  the  same  time  on  opposite  sides  of  the 
zenith.  The  ^ect  of  this  procedure  is  the  attainment  of  greater  precision  due  to 
the  increased  accuracy  of  a  differential  measurement  over  the  corresponding  absolute 
measurement,  the  elimination  of  the  use  of  a  ^aduated  circle  in  the  measurement, 
and  the  fact  that  the  computed  result  ia  not  affected  bv  the  error  in  estimating  the 
absolute  value  of  the  astronomical  refraction,  but  simply  by  the  error  in  estimating 
a  vei7  emaU  difference  of  refraction  of  two  stars  at  nearly  the  same  altitude. 

After  measuring  the  difference  of  meridional  zenith  distances  of  two  stars  whic^ 
transit  at  about  the  same  time  on  opposite  sides  of  the  zenith  and  with  nearly  the 
same  zenith  distances,  the  latitude  may  be  deduced  from  the  following  formula: 
Let  d  =  declination  of  star  south  of  zenith. 
d'  -=  declination  of  star  north  of  zenith. 
z=- zenith  distance  of  star  south  of  zenith, 
z'  —  zenith  distance  of  star  north  of  zenith. 
Then  L-d  +  z 

\j  =  d'-S^ 

iL=d+d'  +z-s^ 
L  =  J(d+d')  +  i(2-«'); 
that  is,  the  latitude  is  equal  to  one-h&If  the  sum  of  the  declinations  plus  one-half  the 
difference  of  zenith  distances.  The  form  of  instrument  used  in  measuring  the  diffei^ 
ences  of  zenith  distances  is  known  as  a  zenith  telescope,  and  consists  of  a  telescope 
mounted  on  a  horizontal  axis  supported  by  an  upright  or  uprights  in  such  a  manner 
that  it  can  be  revolved  about  a  vertical  axis.  A  vertical  circle  is  attained  to  the 
telescope  for  use  in  setting  the  telescope  at  the  proper  inchnation  with  the  horizontal 
to  bring  a  particular  star  into  the  field  of  the  telescope,  A  level  tube  is  also  attached 
to  the  telescope  for  use  in  bringing  the  telescope  to  the  same  inclination  when  observ- 
ing OD  each  of  a  pair  of  stars,  Tne  eyepiece  of  the  telescope  is  fitted  with  a  mkro- 
meter  screw  which  operates  a  movable  horizontal  cross  wire  with  whidi  the  bisectionB 
of  the  image  of  the  observed  body  are  made. 

The  process  of  observing  for  difference  of  zenith  distances  is  as  follows:    If  the 

first  star  of  the  pair  of  stars  to  be  observed  has  ajgQ„j.j.|zenith  distance  the  telescope 
ia  revolved  about  its  vertical  axis  imtil  it  pointsL^yi^j^lin  the  plane  of  the  meridian. 
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The  Approzinute  mean  zenith  distance  of  the  two  stars  is  then  set  off  on  the  vertical 
circle,  and  the  level  bubble  brought  to  the  center  of  the  tube.  When  the  star  appears 
in  the  field  of  the  telescope  the  horizontal  cross  wire  is  brought  to  bisect  the  star 
uid  such  bisection  retained  until  the  star  crosses  the  rertical  cross  wire  of  the  tele- 
scope. The  micrometer  head  is  then  read.  The  telescope  is  then  revolved  through 
180°  about  its  vertical  axis  and  brought  to  the  same  inclination  with  the  horizontal 
by  moving  the  telescope  itself  about  its  horizontal  axis  until  the  level  bubble  is  at 
tne  center  of  the  tube.  In  like  manner  the  second  star  is  bisected  by  the  horizontal 
cross  wire  and  the  micrometer  head  again  read.  The  difference  hetween  the  two 
micrometer  readings  gives  the  difference  of  zenith  distances  of  the  two  stars  in  terms 
of  divisions  of  the  nucrometer,  which  when  multiplied  by  the  known  angular  valu* 
of  one  division  of  the  micrometer  gives  the  angular  difference  of  the  zenith  distances 
rf  the  two  stars. 


r>' Google 


CHAPTER  Xin. 
LOKaiTUBE. 


836.  Tie  hriffitude  of  a  positioD  on  the  earth's  earface  is  measured  by  the  an 
of  the  equator  intercepted  between  the  prime  meridian  and  the  meridiui  passiiig 
throofh  the  place,  or  by  the  angle  at  the  pole  between  those  two  meridians. 

MeridiaM  are  great  circles  of  the  terrestrial  sphere  passing  throuj^  the  polfs. 

The  prime  m^^ian  is  that  one  assumed  as  the  origin,  passins  through  the 
location  or  some  principal  observatory,  soch  as  Greenwich,  Paris,  or  Wasninzton.  That 
of  (^twinwich  is  tne  prune  meridian  not  only  for  l^^gHah  and  American  navigaton,  but 
for  those  of  many  other  nations. 

Secondary  7neridian$  are  those  connected  Trith  the  primary  meridian,  direct^ 
or  indirectly,  oy  exchange  of  tekgraphio  time  signak. 

Tertiarv  meridiana  are  those  connected  with  secondaries  by  carrying  time  in  tiie 
most  careful  manner  with  all  possible  corrections. 

Lonj^tude  is  found  by  taking  the  difference  between  the  hoar  an^  of  a  celesdil 
body  from  the  prime  mendian  and  its  hour  angle,  at  the  same  instant,  from  thelocsl 
mendian.  In  determinations  ashore  the  hour  angle  from  the  prime  meridian  may 
be  found  either  from  chronometers  or  from  tel^aphic  signals;  the  local  hour  sum 
may  be  found  by  transit  instrument  or  by  sextant.  In  determinations  at  sea  me 
chronometer  and'^ sextant  give  the  only  mesns  arailable. 

DETBXJCKATIOir  ON  BHOBX. 

887.  Tbleoeaphio  Dbtebhutation  op  Secondast  Mbbiduns. — In  order  to 
locate  with  acciu-acy  the  positions  of  prominent  points  on  the  coasts,  it  is  necesstry 
to  refer  them,  by  chronometric  measurements,  to  secondary  meridians  of  longitaae 
which  have  been  determined  with  the  utmost  d^ree  of  care. 

Before  the  establishment  of  tel^^phic  cableej  this  was  attempted  principaOr 
through  the  observation  of  moon  culminations,  which  seemed  always  to  cany  witn 
them  unavoidable  errors,  or  by  transporting  to  and  fro  a  laige  number  of  ijiroaometen 
between  the  principal  observatory  and  the  position  to  be  located;  and  in  this  method 
it  can  be  conceived  that  errors  would  be  involved,  no  matter  how  thmou^  the 
theoretical  compensation  for  error  of  the  instruments. 

By  the  aid  of  telegraph  and  radio,  differences  of  longitude  are  detomined  irith 

Seat  accuracy,  and  an  evei^increasing  number  of  secondary  meridional  positions  are 
us  established  over  the  world;  these  afford  the  necessary  bssee  in  carryii^  on  the 
surveys  to  map  correctly  the  various  coast  lines,  and  render  posmble  the  publicatioo 
of  rehable  and  accurate  navigators'  charts. 

338.  To  determine  tele^apbically  the  difference  of  lonsitude  between  two  points, 
a  small  observatory  contauiing  a  transit  instrument,  coronwraph,  break-circuii 
sidereal  chronometer,  and  a  set  of  telegraph  instruments  is  estabUshed  at  each  of  the 
two  points,  and,  beine  connected  by  a  temporary  wire  with  the  cable  or  land  line  at 
each  place,  the  two  observatories  are  placed  in  tel^raphic  communication  with  each 
other. 

By  means  of  transit  observations  of  stars,  the  error  of  the  chronometer  at  each 
place  on  its  own  local  sidereal  time  is  well  aetermined,  uid  the  chronometers  are 
then  accurately  compared  by  signals  sent  first  one  way  and  then  the  other^  the  times 
of  sending  ana  receiving  bemg  very  exactly  noted  at  the  respective  stations.  "Hie 
error  of  each  chronometer  on  local  sidereal  time  being  apphed  to  its  reading,  the 
difference  between  the  local  times  of  the  two  places  may  be  found,  and  consequently 
the  difference  of  longitude.  The  time  of  transmission  over  the  telegraph  fine  is 
eliminated  by  sendii^  signals  both  ways.    By  the  employment  of  chronometen 
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keeping  sidereal  time,  the  compntation  is  BimpHfied,  though  mean-time  chionometera 
may  be  used. 

339.  EsTABLiBHXEKT  OF  Tebtubt  Mbbidians. — Let  it  be  supposed  that  the 
meridional  distance  between  A  and  B  is  to  be  measured,  of  'Which  A  is  a  aeeondary 
meridional  position  ftccurately  detersiined,  and  B  a  tertiary  meridional  position  to 
be  determined. 

If  possible,  two  sets  of  obeerrations  should  be  taken  at  A  to  ascertain  the  erron 
and  ra^  of  the  chronometers.  Tie  run  is  then  made  to  B,  and  obeerrations  made 
to  determine  local  time,  and  hence  the  difference  of  longitude;  and  on  the  same  spot 
altitudes  of  the  sun,  or  of  a  number  of  paiiB  of  stars,  or  both,  should  be  taken  to 
determine  the  latitude. 

Now,  if  chronometer  rates  could  be  reUed  on  to  be  uniform,  this  measurement 
would  suffice,  but  since  variations  may  always  arise,  the  run  back  to  A  should  be 
made,  or  to  another  secondary  meridional  position,  C,  and  new  rates  there  obtained. 
Finally,  the  errors  of  the  chronometers  on  the  day  when  the  observations  were  made 
at  the  tertiary  position  should  be  correoted  for  tne  loss  or  gain  in  rate,  and  for  the 
difference  of  the  orors  as  thus  determined. 

When  opportunity  does  not  permit  obtaining  a  rate  at  the  secondary  meridional 
station  or  stations,  both  before  and  after  the  observations  at  B,  the  navigator  may 
obtain  the  .erron  only,  and  assume  that  the  rate  has  been  luiifonn  between  those 

A  modification  of  the  foregomg  method  which  may  sontetimes  prove  convenient 
is  to  make  the  first  and  third  sets  of  observations  at  the  position  of  the  tertiary 
meridian,  and  the  intermediate  one  at  the  secondary  meridian;  in  this  case  the  eiror 
viQ  be  obtained  at  the  secondary  station  and  the  rate  at  the  tertiary. 

ExAMPLs:  A  vessel  at  a  MMion  A,  o[  known  longitude,  obtained  chronometer  erron  aa  followa: 
May  27,  noon,  chro.  slow,  7"  18'.  9, 
June  3,  noon,  chio.  slow,  7    12 . 7; 


luly  S,noon, 
July  10,  noon. 

chro.  alow,  7- 00-.  7, 
chro.  alow,  6    69.8. 

TOr  on  June  17. 

May  27,         -7- 18*.  B 
Junes,          -7    12.7 

July  S,         -7-00".7 
JulyW,         -6    69.8 

Change,     +       8.2 

Change,     +       0.9 

Daily  late,  +       O-.  89 

Dailyiate,  +       0-.  13 

Therefore,  aaBuming  that  theae  imtea  were  comet  at  the  middle  of  the  perioda  for  which  they  were 

May  30,  Midnight,  Sate,      +0*.  89 
July   6,  Midnight,  Bate,      +0  .  13 

Change  of  rate,  37  daya,  -0  .  76 

Daily  chai^  of  rate,  -0'.'021 


Mean  daily  rate,  June  3  to  17, 


_  34/0.  SrsoLB  Altttudbs. — ^llie  determination  of  lon^tudes  on  shore  by  single 
•Ititndee  of  a  celestial  body  is  identical  in  principle  with  the  determination  at  sea 
by  that  method,  which  will  be  explained  hereafter  (art.  341).  It  may  be  remarl^d, 
luwever,  that  by  takinz  observations  on  opposite  sides  of  the  meridian,  at  altitudes 
tt  nearly  equal  as  possaible,  a  means  is  afforded,  whidi  is  not  available  at  sea,  of  elimi-. 
naUng  certain  constant  errors  of  observation. 
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841.  The  Tntz  StOBT. — A  method  of  detemuiiiiig  lonsitude  at  sea  is  that  of 
the  time  aigJU,  sometimes  called  the  ehroTtometer  method.  The  altitude  of  the  bodv 
above  the  sea  horizon  is  measured  with  a  sextant  and  the  chronometer  time  noted; 
the  hour  angle  of  the  body  is  then  foimd  by  the  proccBs  described  in  article  316, 
Chapter  XI. 

0  the  sun  is  oheerred,  the  hour  angle  is  equal  to  the  local  apparent  time;  tiie 
Greenwich  apparent  time  may  be  determmed  by  applying  the  e(]uation  of  time  to  tiia 
Greenwich  mean  time  as  shown  by  the  chronometer;  the  lon^tude  is  then  equal  to 
the  difference  between  the  local  and  the  Greenwich  apparent  times,  being  east  whrai 
the  loc^  time  is  the  later  and  west  when  it  is  the  earher  of  the  two. 

If  any  other  celestial  body  is  employed,  the  hour  angle  from  the  local  meridian, 
found  from  the  sight,  is  compared  with  the  hour  angle  from  the  Greenwich  meridian  to 
obtain  the  longitude;  the  Greenwich  hour  angle  is  found  by  conrerting  the  Greenwich 
mean  time  into  Greenwich  sidereal  time  In  the  usual  mahner,  and  then  taking  the 
difference  between  the  latter  and  the  right  ascension  of  the  body,  the  remunder  being 
marked  east  or  west,  according  as  the  Greenwich  sidereal  time  is  the  lesser  or  greater 
of  the  two  quantities ;  and  as  the  local  hour  angle  may  be  marked  east  or  west  accord- 
ing to  the  side  of  the  meridian  upon  which  it  was  observed,  the  name  of  the  longitude 
vUl  be  indicated  in  combining  the  quantities. 

812.  As  has  been  stated,  the  most  favorable  position  of  the  celestial  body  for 
finding  the  hour  angle  from  its  altitude  is  when  nearest  the  prime  vertical,  provided 
the  altitude  ia  not  so  sm&U  as  to  be  seriously  affected  by  refraction. 

843.  In  determining  the  longitude  at  sea  by  tms  method,  it  is  necessaiy  to 
employ  the  latitude  by  account.  This  is  seldom  exactly  correct,  and  a  chance  of 
error  is  therefore  introduced  in  the  resulting  hour  angle;  the  magnitude  of  such  ao 
error  depends  upon  the  position  of  the  body  relative  to  the  observer.  The  employ- 
ment of  the  Sumner  line,  which  is  to  be  explained  in  a  later  chapter,  insures  the  navi- 
gator against  b^ng  misled  by  this  cause,  and  its  importance  is  to  be  estimated 
accordingly. 

Exavplb:  At  wa  May  18. 1916.  a.  m.;  Lat.  41''  SS'  N.;  Long.  33°  37'  W.,  by  D.  R.,  the  toUowiog 
altitudei  <A  the  sun's  lowei  limb  were  oboerved,  and  tinuv  not«d  oy  a  watch  ccmpared  nith  the  Green- 
wich chroDcmeter.  Chro.  coir.,  +4-6ft'.2;  I.  C,  -30'';  height  cd  the  eye,  23  feet;  C-W,  2k]7*06*. 
Bequiied-tbe  tru«  longitude.  ~~ 
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April  16, 1916,  p.  m.,  in  Lat.  11'  47'  S.,  Long,  0°  20'  E,,  by  D.  R.,  observed  an 
iltitDde  of  th«  hUi  Aldebann,  weet  (d  the  meridian,  23°  13'  20":  chronometer  tune,  S^  68"  29*,  chro- 

.    , ,  ™   -2' 00";  hei^t  <rf  eye,  ae  feet.    What  waa  tho  longitude? 

23°  13'  20"        R.  A.  :+:,        4"-  31"  06*.  8     , 

9    15  .^^^^— 
Dec.,  16°  20-  36"  N. 


Chro.  t.,                ff- 
C.  C, 

68- as- 

2    27 

Ob.,  alt.  * 
Cmt., 

G.  M.  T.,              6 
R.A.M.8.,      +1 
Bed.  (Tab.  9),  + 

56    02 
37    11 
1    09 

Corr.. 

G.  8.  T.,              8 
R.  A.  :^;             4 

84    22 
31    07 

H.A.ffomGr.,    4 

03    15  W. 

106"  20*  36" 


23"  04'  05" 
11  47  00 
106    20    36 


2)141 

11 

41 

70 
47 

35 
31 

SO 
45 

4" 
4 

03-15' 
06    42 

2)19.41640   ^ 
>  t      9.  7082O 


Eiakplb:  At  sea,  July  26,  1916,  a.  m.,  in  lat.  25°  12'  3„  Long.  76°  SO"  W.,  by  D.  R.^obeerved  an 
tadeoftheplanetJupiter,eMtoiaiemeridiftn,32°46'10";  watch  time,  2*  48»  02-;  C-W,6*05»42'; 
).,+2- 18*;  I.  C.,+F  30*';  height  of  eye,  18  feet.    Required  the  longitude. 

..x^O,     >  a^HXf  H.  Q.,    +  ».t 

+  18  a.M.T.,    Wii.» 


Qin.t..                  7    » 

ca,           +      3 

T» 

itM^-v  ^ 

ZS.B 
It.S 

n.;;      J  u 

4S.3 
18 

R.A., 

(Tati.4ai,    -         y  M"  Sm.WOt,       U*  Iff-S       N.  B.I>.,     +  V.07 

LC,  +         1    30  Corr,,  +  1.4  O.M.T.,    W^» 

Cotr., 


3 

W 

ss 

U 

1 

; 

11*  ST  Iff' 

mOi.,     3    IB    07.3  W. 


32"  42'  01" 
25    12    00 
101    87    18 

2)159    31    la 

79    46    40 
47    03    39 

2*  02-07* 
3    00    15 

W. 
E. 

f    5*  02- 22- 
\  75°  Sy  30" 

}w. 

2)19: 16662 
nl(     9,58341  . 
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CHAPTER  XIV. 
AZmUTH. 


844.  The  aximuih  of  a  body  hu  been  defined  (art.  223,  Chap.  VII)  as  the  an 

of  the  horizon  intercepted  between  the  meridian  and  the  vertical  cirde  passing  throu^ 
the  body;  and  the  amplitude  (art.  224)  as  the  arc  measured  between  the  position  of 
the  body  when  its  true  altitude  is  zero  and  the  east  or  west  point  of  the  hoiizon. 
The  amplitude  is  measured  from  the  east  point  at  rising  and  from  the  west  point  at 
setting,  and,  if  added  to  or  subtracted  from  90°,  will  agree  with  the  azimuth  of  the 
body  when  in  the  true  hoiizon.  The  azimuth  is  usually  measured  from  the  north  point 
of  the  horizon  in  north  latitude^  and  from  the  south  point  in  south  latitude,  throng 
180*  to  the  east  or  west;  thus,  if  a  body  bore  N.  by  fc.,  its  azbnuth  would  be  nanwd 
N.  11}°  E.  in  north,  or  S.  168}°  E.  in  south  latitude. 

llie  determination  of  the  azimuth  of  a  celestial  body  is  an  operation  of  frequoit 
necessity.  At  sea,  the  comparison  of  the  true  bearing  with  a  bearing  by  compiaB 
affords  the  only  means  of  ascertaining  the  error  bt  the  compass  due  to  variation  and 
deviation;  on  shore,  the  azimuth  is  required  in  order  to  furnish  a  knowledge  of  Uie 
variation,  and  is  further  essential  in  all  surveying  operations,  the  true  diiection  of 
the  base  line  being  thus  obtained.  ' 

845.  There  are  various  methods  of  obtaining  the  true  azimuth  of  a  cdes^ 
body,  which  will  be  described  as  follows:  (a)  Ampliiitdea,  ih)  I^xm  Ainmutht,  {e) 
AlMt^  Asimuihs,  (d)  Tme  and  AUiiude  Atimuths.  A  further  method,  by  means 
of  the  Summer  line,  will  be  explained  later  (Chap.  XV).  Still  another  operation 
nertoins  to  this  subject,  namely:  (e)  The  determmation  of  the  Thte  Beanng  ^^ 
TerreOrial  Object. 


846.  The  method  of  obtainii^  the  compass  error  bv  amplitudes  consists  in 
observing  the  compass  bearing  of  the  sun  or  other  celestial  body  when  its  center  ib 
in  the  true  horizon,  the  true  bearing,  under  such  conditions,  being  obtained  by  a 
short  calculation.  Since  the  true  honzon  is  not  marked  by  any  visible  line  (diffeiuw 
as  it  does  from  the  visible  horizon  by  reason  of  the  effects  of  reaction,  parallax,  ana 
dip),  allowance  may  be  made  for  the  difference  by  an  estimate  of  the  eye,  or  else  the 
oMervation  may  be  made  in  the  visible  horizon  and  a  correction  appUed. 

847.  When  the  center  of  the  sun  is  at  a  distance  above  the  honzon  equal  to  its 
own  diameter  it  is  almost  exactly  in  the  true  hoiizon;  at  such  a  time,  note  its  bearins 
by  compass,  and  also  note  (as  in  all  observations  for  determining  compass  error] 
the  ship  B  head  by  compass,  and  the  angle  and  direction  of  the  ship's  heel. 

Or,  note  the  bearing  at  the  instant  at  which  the  center  of  the  body  is  in  the  visibls 
horizon;  in  the  case  of  the  sun  and  moon,  the  correct  bearing  at  that  time  may  be 
most  accurately  ascertained  by  taking  the  mean  of  the  bearings  when  the  upper  and 
the  lower  limbs  of  the  disk  are  just  appearing  or  disappearing. 

848.  To  find  the  true  amplitude  &y  comptUalion,  there  are  given  the  latitude,  L* 
and  declination,  d.    The  quantities  are  connected  by  the  formula^ 

sin  Amp.— sec  L  sin  d, 

from  a  solution  of  which  the  amplitude  is  obtained.. 

TofindAe  true  ampliiude  l»f  inapeetion  enter  Table  39  witb  tbe  declinati<m  at 
the  top  and  the  latitude  in  the  side  column^  under  the  former  and  opposite  the  latt«r 
will  be  given  the  true  amplitude.  To  obtain  accurate  reaults,  interpolate  for  minutes 
of  latitude  and  declination. 
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To  reduce  the  (Aeerved  amf^iiude  when  taken  in  the  visible  horizon  to  what  it 
would  have  been  if  taken  in  the  true  horizon,  enter  Table  40  with  the  latitude  and 
declination  to  the  nearest  degree  and  apply  the  correction  there  found  to  the 
obeerred  amplitude;  the  result  will  be  the  corrected  amplitude  hj  compass,  which, 
br  comparison  witb  ihe  Irue  amplitude,  gives  the  compass  error.  When  Uie  body 
oDeerrcn  is  the  eun,  a  star,  or  a  planet,  apply  the  correction,  at  ridng  in  north  lati- 
tude or  at  settins  in  south  latitude,  to  the  right,  and  at  setting  in  north  latitude  or 
at  rising  in  south  latitude,  to  the  lefi.  For  the  moon,  apply  naif  the  correction  in 
a  contrary  direction. 

Examflb:  A.t  sea,  in  Lat.  11°  29'  N.,  the  obaerved  beuiog  of  the  sun,  at  the  time  of  riaJbg,  when 
iU  center  vtm  estimated  to  be  one  diameter  above  the  visible  horizon,  waa  E.  31"  N.;  coiracted 
decollation  22°  32'  N.    Required  the  compaas  error. 

fiy  eomptttation.  By  inaptetlon  ( TabU  09) . 

L    11°  29'  sec  .  00878  L,  11°.  5  N.l  ™„„  .„„  „  ~,o  „  h 

d    22    82  ain  9.68345  d,' 22  .6  N.|^*  ""P- E- 23°-*N. 

Obe.  amp.  E.  31  . 0  N. 

9.69223  

Enor,  8°.  0  E. 


Bxamtlk:  At  nea,  in  Lat.  25°  03'  S.,  the  obserred  bearing  of  Yenua,  when  in  the  viable  horison  at 
ug,  vaa  E.  18°  30'  N.,  ita  declination  being  21°  4^  N.    Required  the  compaae  error. 


By  uupaetion  {Table  39). 

H  i:  n'.lSj'^^^P-    B.24MN. 

OU.  amp.  E.  18°.6N.i  p™„  .„„    k-  m    oh 

Tmeamp.    E.24°  08' N.aiii    9.6U44  Coir.  {Tab.  40)  o.31eft.|*-*™P'"P-  ^- 1^ -^N- 


Comp.amp.E.18    48    N. 


Vhat  waa  the  error  of  the  compaaa? 


■in    9. 67689 


By  iiupeetum  {TabU  39). 
d,'  ^':^?;}  Tmeamp. W.28°.4S. 

?^.^.  4oT-0.3  4t^P--P-^_^'  a- 
Error,  11°.  7  W. 


TIMB  AZnCITTHS. 

349.  In  this  method  are  given  the  hour  angle,  t,  at  time  of  observation,  the 
polar  distance,  p,  and  the  latitude,  L;  to  find  the  azimuth,  Z. 

Any  celestial  body  bright  enough  to  be  observed  wiUi  the  azimuth  circle  may 
be  employed  for  observation;  tbe  conditions  are,  however,  most  favorable  for  solu- 
tion when  the  altitude  is  low. 

850.  T^e  a  beanng  of  the  object,  bisecting  it  if  it  has  an  appreciable  disk. 
tad  note  the  time  with  a  watch  of  known  error.  Record,  as  usual,  the  ship's  heaa 
b^  compass  and  the  amount  of  heel.  If  preferred,  a  series  of  bearings  may  be  taken 
with  their  corresponding  times,  and  the  means  takien. 

351.  First  pr^are  the  data  as  follows: 

(a)  Find  the  Greenwich  time  corresponding  to  the  local  time  of  observation. 

(6)  Take  out  the  declination  of  the  body  from  the  Nautical  Almanac;  if  the 
metiiod  of  computation  is  employed,  the  polar  distance  and  the  cO'latitude  should 
be  noted. 

(fi)  Find  the  hour  angle  of  the  body  by  rules  heretofore  given. 


r>' Google 


Tlus  having  been  done,  the  trae  azimuth  maj  be  determined  either  by  Time 
Agvmuth  Thbles,  by  the  graphic  method  of  an  Ammuth  IHagram,  or  by  SomHon  oj 
fA«  AstTtmonncal  TnangU.  Owing  to  the  possbility  of  more  e^>editiou8  working, 
either  of  the  firet-named  two  ia  to  be  considered  preferable  to  the  last,  and  the 
navigator  is  recommended  to  supply  himself  with  a  copy  of  a  book  of  Azimutli 
Tabiea,  such  as  published  by  the  Hydro^phic  Office,  or  with  an  Azimuth  Diagram 
such  as  Weir's  or  Sigsbee's;  an  explanation  of  the  method  of  use  accompanies  each 
of  these. 

352.  To  Bolve  the  triangle: 

Let  S  =  }  siun  of  polar  distance  and  co-Lat. 
D  —  i  difference  of  polar  distance  and  co-Lat. 
U  —  \  hour  angle. 
Z  —  true  azimuth. 

Then,  tan  X— sin  D  cosec  S  cot  J  t; 
tan  Y-cOB  D  sec  S  cot  i  (; 
Z-X  +  Y,  orX~Y. 
First  Case. — ^If  the  half-sum  of  the  polar  distance  and  co-Lat.  is  less  than  90°: 
take  tiieaum  of  the  angles  X  and  Y,  if  the  polar  distance  is  greaier  than  the  co-Lat.; 
take  the  difference,  if  the  polar  distance  is  tesa  tiian  the  co-I^t. 

Second  Oaae. — If  the  naif-sum  of  the  polar  distance  and  co-Lat.  is  greater  than 
90^:  always  take  the  difference  of  X  and  Y,  which  subtract  from  180^,  and  the  result 
will  be  the  true  azimuth. 

In  either  case,  mark  the  true  amnuth  N.  or  S.  according  to  the  lalitnde,  and 
£.  or  W.  according  to  the  hour  angle.  It  qiay  aometimee  be  convenient  to  use  the 
supplement  of  the  true  asmuth,  oy  subtracting  it  from  180°  and  reversing  the 

1>renz  N.  or  S.,  in  order  to  make  it  correspond  to  the  compass  azimuth  when  the 
atter  is  less  than  90°. 

The  cotangent  of  half  the  hoar  angin  may  be  found  from  Table  44  abreast  the 
wAoZe  hour  angle  in  the  column  headed  ''  Hour  P.  M." 

ExAioxx:  At  sea,  in  Lat.  80^26'K.,  Long.  6i>  26"  42' W.,  the  obaerved  bearing  ofmin'a  centtf  ma 
N.  135°  30'  E.,  ftnd  the  Greenwich  mean  time,  December  3,  2»  36-  11'.  The  corrected  declination  of  the 
mm  VM  22°  07'  S. ;  the  equation  o(  time  (additive  to  mean  time),  10-  03*.  Required  the  etror  of  tbe 
compuB. 


G.M.T.(Dec.S),      2"  36- 11- 
Long.,                  -  6    26    42 

co-Lrt.,     69°  3-;' 
p,             112    07 

p-hco-L,  171    42 

8,              86    51 

p-co-L,    52"  32' 

D,              26    16 

Comp.  aiimuth. 

t             2'' 39-  28' 
S           86°  61' 
D          26    16 

X          60    44 
Y          88    19 

X+Y139    03 

N.  139-  03'  E. 
N.  136    30   E. 

cot^l   .44061      cotit  .44061 
coMc    .00114      aec     1.14M5 
sin      0. 64696      cos    9.95267 

tan       .08761 

tan    LeS36S 

L.M.T.(Dec2),     21    10    29 
Eq.  t.,                 +        10    03 

L.A.T.,                 21    20    32 

(.                              2^  39- 28" 

Compa«  error, 

3    33    E. 

Example:  At  eea,  in  Lat. 
hour  angle,  3»  44»  IP,  and  iu 

2°  16'  N.,  the  observed  bearing  of  tbe  sun's  center  ww  N.  85°  16'  B:  fan'i 
declination,  7°  38'  N.    Required  the  compass  error. 

co-Lat.,       87°  44' 

;.,                82    22 

(                 3*  44» 
8              85°  03' 

16'       cotit      .27373 
coeec        .00162 

cot  i (      .  27372 
sec          L06406 

p+co-L,   170    06 


co-L-p,       6°  22'      Y-X 


True  azimuth, 
Comp.  Biimutb, 
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co-I*t.,      73»  28' 

t 

4b  27- 

p,              113    12 

ff 

98»20' 

D 

19.  62 

p+co-L,   186    40 

X 

27    16 

S,               93    20 

Y 

87    40 

p-eo-L,     39-44' 

Y- 

-X 

60    24 

D,               19    52 

Z 

119=86' 

True  uimuth. 

Comp 

acimuth, 

cot  i  t       .  18022        cot  i  1 


Ai/rmrsB  azdcuths. 

353.  This  method  is  employed  when  the  altitude  of  the  body  is  observed  at  the 
Bune  time  as  the  aomutb;  in  such  a  case  the  hour  an^e  need  not  be  known,  though 
the  time  of  obserration  should  be  recorded  with  sufficient  accuracy  for  the  correction 
of  the  declination  of  the  sun,  moon,  or  a  planet. 

"niere  are  raven  the  altitude,  A,  the  polar  distance,  p,  and  the  latitude,  L;  to 
find  the  asmutn,  Z. 

854.  Take  a  bearing  of  the  body  by  compass,  bisecting  it  if  the  di^  is  of 
apjHvciable  diameter,  and  simultaneously  measure  the  altitude:  note  tiie  time 
•jqwozimately..   Observe  also  the  ship's  heading  (by  compass)  and  the  heel. 

Or  a  series  of  aomuths,  viih  correaponding  altitudes,  may  be  observed,  and  Uie 
means  emj^oved. 

355.  Calculate  Uie  true  altitude  and  declination  from  the  observed  altitude 
and  the  time.    Then  compute  the  true  azimuth  from  the  following  formula: 

cos  }  Z  ■■  Vcos  8  COB  («  ~  p)  sec  L  sec  h\ 

in  which  s—i  0^+L+p).    The  resulting  azimuth  is  to  be  reckoned  from  the  north 
in  north  latitude  and  from  the  south  in  south  latitude. 

It  may  occur  that  the  term,  (s  —  p),  will  have  a  negative  value,  but  since  the  comne 
of  a  negative  ai^le  teas  than  90"  is  positive,  the  result  will  not  be  ^ected  thereby, 

Bxamflb:  At  sea,  in  Z«t.  30°  26'  N.,  the  obterved  beuing  of  the  bus's  center  wu  N.  136°  SO'  E., 
uditflcomcted  altitude  24°  69';  the  appraxlnuto  G.  M.  T.  waa  2^.6,  the  decliiuttion  at  that  time  being 
12°07'S.    Beqoiied  the  compan  enor. 


24° 

69' 

30 

26 

112 

07 

2)167 

31 

83 

46 

-28 

Z! 

.04267 
.06431 

9.03690 
9.94445 

Thie  azimuth.    N.  139°  00*  E. 
Oomp.  uimutli,  H.  136    30   E. 

Compaasenoi,            3    30    E. 

TOCB  AND  AI/i'lTUl>B  AZ1M.0TU8. 

856.  When,  at  the  time  of  observing  the  compass  bearing  of  a  celestial  body, 
die  altitnde  is  measured  and  the  exact  time  noted,  the  true  azimuth  may  be  very 
expeditiously  determined,  a  knowledge  of  the  latitnde  being  unnecessary. 

In  view  of  the  simplicity  of  the  computation)  this  meuiod  strongly  commends 
itoelf  to  observers  not  provided  with  azimuth  tables  or  diagram. 

857.  The  observation  is  identical  with  that  of  the  altitude  azimuth  (art.  354), 
with  the  exception  t^t  the  times  of  observation  must  be  exaetly  instead  of  approx- 
WKridy  noted. 
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358.  Ascertain  the  decimation  of  the  bodr  at  time  of  sight,  and  correct  tbe 
observed  altitude;  compute  the  hour  angle.    We  then  hare: 

an  Z  =  sin  t  cos  d  sec  h,     J 
from  which  the  azimuth  may  be  found. 

This  method  has  a  defect  in  that  there  is  nothing  to  indicate  whether  the  resulting 
aamuth  is  measured  from  the  north  or  the  south  point  <^  the  horizon;  but  as  Uie 
approximate  a^muth  is  always  known,  cases  are  rare  when  the  solation  will  be  in 
question. 

Example:  At  sea,  in  Lat.  90°  2^  H.,  Long.  6^  2G'  42*  W.,  tlie  observed  bearing  ol  tbe  min's  center 
was  N.  135"  SO'  E.;  Urn  altitude  at  the  time  wtu  2*°  59';  hour  angle,  ^  30>  28*  (SS'^W).  and  dedinataw, 
22°  07'  S.  Find  the  compan  enor.  (See  example  under  Altitude  Azimntba  and  first  examfto  nnte 
Time  AEimuthg.) 


(        39°  52' 

sin  9.80686 

True  asimuth.     N.  IS*"  04'  E 

d        22    07 

COB  B.  96681 

Comp.  asimuth.  N.  136    80  E 

h        24    5» 

sec     .04267 

Compass  emw,             3    34  E. 

Z  S.«=  S^E. 

sin  9.81634 

TBUE  BBABINa  OF  A  TBBBBBTSIAI.  OBJECT. 

359.  Thus  far,  sea  observations  for  combined  variation  and  deviation  have  been 
discussed,  but  if  it  becomes  necessary,  as  in  surveying,  to  ascertain  the  True  Bearitif 
of  a  Terrestrial  Ohjeet,  or  to  find  the  variation  at  a  shore  station,  more  accurate 
methods  than  the  foregoing  must  be  resorted  to. 

The  most  reliable  method  is  that  by  an  Astronomic  Beanra.  This  conmsts  in 
finding  the  true  bearing  of  some  well-defined  object  by  taking  the  angle  between  it 
and  the  sim  or  other  celestial  body  with  a  sextant  or  a  theodolite,  and  sunultaneously 
noting  the  time  by  chronometer,  or  measurine  the  altitude,  or  observing  both  time 
and  altitude.    It  should  always  be  noted  whether  the  object  is  right  or  left  of  the  sun. 

360.  By  Seztant. — Measure  the  angular  distance  between  the  object  and  the 
sun's  limb;  and  if  there  is  a  second  observer,  measure  the  altitude  of  the  sun  at  the 
same  moment  and  note  the  time.  In  the  absence  of  an  assistant,  first  measure  the 
altitude  of  the  sun;  next,  the  an^ar  distance  between  the  sun  and  the  object;,  then, 
a  second  altitude  of  the  sun,  notmg  the  time  of  each  observation.  Also  measure  the 
altitude  of  the  defined  ^int  above  the  sea  or  shore  horizon. 

By  Theodolite. — This  instrument  is  far  more  coavenient  than  the  sextant,  for, 
being  leveled,  the  horizontal  angle  between  the  sun  and  the  object  b  at  once  given, 
no  matter  what  may  be  the  altitudes  of  the  objects.  In  case  the  altitude  of  the  sun 
is  needed,  it  may  be  read  accurately  enough  from  the  vertical  circle,  although  not  a8 
finely  graduated  as  the  limb  of  the  seztuit.  The  error  in  altitude  must,  nowerer, 
be  found  by  the  level  attached  to  the  telescope,  since  it  will  usually  be  foxmd  to  differ 
from  the  levels  of  the  horizontal  circle.  If,  in  directing  the  telescope  to  the  sun,  there 
is  no  colored  eyepiece,  an  image  of  the  sun  may  be  cast  on  a  piece  of  whit«  paper 
held  at  a  little  distance  from  tne  eyepiece,  and  by  adjusting  the  focus  the  shadow 
of  the  cross  wires  will  be  seen. 

It  should  be  understood  that  any  celestial  body  may  be  used  as  well  as  the  sun, 
and  there  u%,  in  fact,  certain  advantages  in  tbe  use  of  the  stars;  the  sun  is  chosen 
for  illustration,  because  it  will  usually  be  found  most  convenient  to  employ  that  body. 

361.  Find  the  true  azimuth  of  the  celestial  body  by  one  of  the  methods  pre- 
viously  explained  in  this  chApt«r,  and  apply  to  it  the  aomuth  difference,  or  horizontal 
angle  oetween  the  celestial  and  the  terrestrial  body,  having  regard  to  tiie  direction 
of  one  from  the  other. 

To  find  the  azimuth  difference  from  sextant  observations,  <dtange  the  observed 
altitudes  of  the  bodies  into  apparent  altitudes  bv  correcting  them  for  index  error  of 
the  sextant,  dip,  and  semioiameterj  chan^  tne  observed  angular  distance  inU 
apparent  angular  distance,  by  correctuur  for  mdex  error  and  semidiameter.  Then  if 
S=-i  (App.  I)ist.+App.  AJt.O  +App.  iJt.  Object),  we  have: 

cos  i  Az.  Diff.  —  ysec  App.  Alt.O  sec  App.  Alt.  Object  cos  S  cos  (S— App.  I^t.J7 

whence  the  a^muth  difference  b  deduced.  ,.->  ■ 
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When  Uie  Uieodolite  is  used,  the  horizontal  angle  is  given  directly.  If  only  one 
limh  of  the  sun  is  observed,  it  will  be  necessary  to  apply  a  correction  for  aemidiameter 
(S.  D.  xsec  h),  but  it  is  usual  to  eliminate  this  correction  by  taking  the  mean  of 
observations  of  both  limbs. 

24"  W.,  obtained  the  follow- 


Watch  time,     11"  22> 
C-W,                5    21 

ChTO.  COTT.,     +              2 

'  36*          Obt.  Ang.  Diet.  0, 
18           Ob8.2Q, 
16           ObB.  alt.  BUtioD, 

I.e.. 

117'  07'  Loft. 

71°  37'  20* 

20' 

Dec.  8.,     22"  56'  27' 
Eq.t,    +          7-00' 
S.  D.,               16'  17* 

Required  the  true  bearing  of  the  object. 

W.  T.,          11"  22-  36' 
C-W,            5    21    18 

2Q,                71< 

■  37'  2(r 

( 
d 
k 

4i. 

8"  08'  OO*           dn      9. 15069 
22    56    27             COB      0.96422 
36    03    37             oec        .09239 

Q,                35 
S.  D„          + 

48    40 
16    17 

Oro.  t.,         4    43 
C.  C,        +         2 

54 
16 

9"  17'  E.            Biit      9. 20730 

App.  Alt,       36 
p.  i  r.,       - 

04    57 
1     13 

G.M.T.,       4    46 

Eq.  t.,       +          7 

10 
00 

A.                    36 

03    44 

Q.A.T.,       4    53 
Long..       -  5    25 

10 
42 

L.A.T.,      23    27 

28 

,                  /O"  32-  32' 

*■             ts"  08'  wy 

Obs.  W-  nfet.,      UT* 
0^8.  D..           + 

IppL  All.  DM.,     liT 

07'  00" 
3S    17 

App.  DM.                117*  3!' 
App  Alt.O               X    OS 

App.  All.  Object             W 
3)ir3    4» 

nwe.oeuo 

sec  0  00001 

TrtwbukrtiicO,             170*  4a' E. 
Ai.  DUT.,                        IK    00  Ult 

Tm.  bnriiv  objNt,  N.  U*  U'  E. 

6 

B-APP.DW.         ■ 

7*  M 

-W    30 

cotlSBllS 

iAtDifl. 

92' yy 

«ie>.«M51 

ExAitFLs:  Same  date  and  place  and  same  objecta  aa  in  the  preceding  example;  meaBurement  made 
with  a  theodolite,  angular  distance  $,  123*17';  object  left  of  sun.  Watchtime,  ll"16-34*.5;  watchslov 
ofL.A.  T.,  4»53*.6.    Dec.  ©,  22°  66'S.    Required  the  true  beariiig.     (See  article  852.) 


W,  T.,       11"  16"  34- 
W.alow,+         4    53 

I.A.T.,  23    21    28 

.5 
.5 

.0 

co-Lat.,     59°  35'      ( 
p,             112    56       8 

D 

p+co-L,  172    31 

S,              86    15       Y 

0"  88-32*      cotjt 
86°  15'             coeec 
26    41              dn 

79°  24'        '    tan 
89    39 

1.07435 
.00093 
9.65230 

.72758 

cotJ(  1.07435 
sec       L 18440 
cos       9.95110 

1,                0    3S    32 

tan       2.2098S 

p-co-L,    53    21       X+YI60    03 

D,              2«    41 

True  bearing  0, 
Az.Dift.,^ 

N.  169° 

123 

03'  E. 
17  Left. 

t,  N.     4S 

46  E. 
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CHAPTER  XV. 
TEE  SUHNEB  LINE. 


DESCBIFTIOir  OF  THE  LIKE. 


362.  The  method  of  navigation  mTolving  the  use  of  the  Simmer  line  takea  ita 
name  from  Capt.  Thomas  H.  Sumner,  an  American  shipmaster,  wiio  diacovered  it 
and  published  it  to  the  world.  As  a  proof  of  its  value,  tne  iuddent  which  led  to  ita 
discovery  may  be  related: 

"  Having  sailed  from  Charleston,  S.  C,  25th  November,  1837,  bound  for  Greenock, 
a  series  of  heavy  gales  from  the  westward  promised  a  quick  passage;  after  pas^og 
the  Azores  the  wind  prevailed  from  the  southward,  with  thick  weather;  after  passing 
longitude  21°  W.  no  observation  was  had  until  near  the  land,  but  soundings  were 
had  not  far,  as  was  supposed,  from  the  bank.  The  weather  was  now  more  boisterous, 
and  very  thick,  and  the  wind  still  southerly;  arriving  about  midnight,  1 7th  December, 
within  40  miles,  by  dead  reckoning,  of  Tuskar  light,  the  wind  hauled  SE.  true,  making 
the  Irish  coast  a  lee  shore;  the  snip  was  then  kept  close  to  the  wind  ana  several 
tacks  made  to  preserve  her  position  as  nearly  as  possible  imtil  daylight,  when, 
nothing  being  in  sight,  she  was  kept-on  ENE.  under  short  sail  with  heavy  ^les.  At 
about  10  a.  m.  an  altitude  of  the  sun  was  observed,  and  the  chronometer  tmie  noted; 
but,  having  run  so  far  without  observation,  it  was  plain  the  latitude  by  dead  reckoning 
was  liable  to  error  and  could  not  be  entirely  relied  upon. 

The  longitude  by  chronometer  was  determined,  using  this  uuc^ertoin  latitude, 
and  it  was  found  to  be  15'  E.  of  the  position  by  dead  reckoning;  a  second  latitude 
was  then  assumed  10'  north  of  that  by  dead  reckoning,  and  toward  the  danger, 
giving  a  position  27  miles  ENE.  of  the  former  position;  a  third  latitude  was  assumed 
10'  farther  north,  and  still  toward  the  danger,  giving  a  third  position  ENE.  of  the 
second  27  miles.  Upon  plotting  these  three  positions  on  the  chart,  they  were  seen 
to  be  in  a  straight  line,  and  this  line  passed  through  Smalls  light. 

"It  then  at  once  appeared  that  the  observed  altitude  must  have  happened  at 
all  the  three  points  and  at  Smalls  light  and  at  the  ship  at  the  same  instant. 

Then  followed  the  conclusion  taat,  although  the  absolute  position  of  the  sh^ 
was  uncertain,  she  must  be  somewhere  on  that  Ime.  The  ship  was  kept  on  the  course 
ENE.,  and  in  less  than  an  hour  Smalls  light  was  made,  beanng  ENE.  i  E.  and  close 
aboard. 

The  latitude  by  dead  reckoning  was  found  to  be  8'  in  error,  and  if  the  position 
given  by  that  latitude  had  been  assumed  correct,  the  error  would  have  been  8  miles 
too  far  S.,  and  31'  30"  of  longitude  too  far  W.,  and  the  result  to  the  ship  mig^thave 
been  disastrous  had  this  wrong  position  been  adopted.  This  represents  one  of  the 
practical  applications  of  the  Sumner  Une. 

The  properties  of  the  Une  thus  found  will  now  be  explained, 

363.  CmcLES  op  Equal  AxTmrDE.— In  figure  54,  if  EE'E"  represent  the  earth 
projected  upon  the  horizon  of  a  point  A,  and  if  it  be  assumed  that,  at  some  particular 
instant  of  time,  a  celestial  body  is  in  the  zenith  of  that  point,  then  the  true  altitude 
of  the  body  as  observed  at  A  will  be  90°.  In  such  a  case  the  great  circle  EE'E") 
which  forms  the  horizon  of  A,  will  divide  the  earth  into  two  hemispheres,  and  from 
any  point  on  the  surface  of  one  of  these  hemispheres  the  body  will  be  visible,  while 
over  the  whole  of  the  other  hemisphere  it  will  be  invisible.  The  great  circle  EE'E", 
from  the  fact  of  its  marking  the  limit  of  illumination  of  the  body,  is  termed  the  drcie 
of  iUumiTiation,  and  from  any  point  on  its  circumference  the  true  altitude  of  the 
center  of  the  body  will  be  zero.     If,  now,  we  consider  any  small  circle  of  the  sphere, 
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SB'S",  CC'C",  DD'D'',  whom  pUtne  is  parallel  to  the  plane  of  the  drdeof  ilhimiiu- 
tion  and  which  lies  within  the  hemisphere  throughout  which  the  body  is  visible,  it  vill 
be  apparent  that  the  true  altitude  of  the  body  at  any  point  of  the  circumfereDce  of 
one  of  these  circles  is  equal  to  its  true  altitude  at  any  other  point  of  the  same  circum- 
ference; thus  the  altitude  of  the  body  at  B  is  equal  to  its  altitude  at  B'  or  B",  and 
its  altitude  at  D  is  the  same  aa  at  D'  or  D". 

It  therefore  follows  that  at  any  instant  of  time  there  is  a  series  of  positions  on 
the  earttr  at  which  a  celestial  body  appears  at  the  same  given  altitude,  and  these 
positions  lie  in  the  drcmnfereace  of  a  circle  described  upon  the  earth's  surface  whose 
center  is  at  that  position  which  has  the  body  in  the  zemth,  and  whose  radius  depends 
upon  the  zenith  distance,  or — ^what  is  the  same  thing — upon  the  altitude,    Sach 
circles  are  termed  arelea  of  equal  alHivde.    It  is  important  to  note  that  an  observer 
making  an  instantaneous  transit  through  the  latitudes  and  lon^tudea  passed  over 
by  any  rhumb  line  or  lozodromic  curve  drawn  within  the  hemisp£«re  of  illumination, 
tnrough  the  point  A,  will 
e^menence  no  astronomical 
difference,  with  reference  to 
the  observed  body  in  the 
senith  of  A,  save  an  altitude 


.  The  data  for  an 
astronomical  sight  comprise 
merely  the  time,  declination, 
and  altitude.  The  first  two 
fix  the  position  of  the  body 
Bnd  may  be  regarded  as 
giviiig  the  latitude  and  lon- 
gitu(&  of  that  point  on  the 
e&rth  in  whose  zenith  the 
body  is  found;  the  zenith 
distance  (the  complement  of 
the  altitude)  indicates  the 
distance  of  the  observer 
from  that  point ;  but  there  is 
nothing  to  show  at  which  of 
the  numerous  positions  ful- 
^ling  the  required  condi- 
tions the  observation  may 
have  been  taken.  A  num- 
ber of  navigatoiB  may  meas- 
ure the  same  altitude  of  a  rra.  04. 
body  at  the  same  instant 

d  time,  at  places  thousands  of  miles  apart;  and  each  proceeds  to  work  out  his 
position  with  identical  data,  so  far  as  this  sight  is  concerned.  It  is  therefore 
clear  that  a  single  observation  is  not  enough,  in  itself,  to  locate  the  point  occu- 
pied by  the  observer,  and  it  becomes  necessary,  in  order  to  fii  the  position,  to 
onploy  a  second  circle,  which  may  be  either  that  of  another  celestial  body  or  that  of 
the  same  body  given  by  an  observation  when  it  is  in  the  zenith  of  some  other  point 
than  when  first  taken;  knowing  that  the  point  of  observation  lies  upon  each  of  two 
ordes,  it  is  only  possible  that  it  can  be  at  one  of  their  two  points  of  intemectton; 
and  since  the  position  of  the  ship  is  always  known  within  fairly  close  limits,  it  is  easy 
to  choose  the  proper  one  of  the  two.  figure  66  shows  the  plotting  of  observations 
of  two  bodies  vertically  over  the  points  A  and  A'  upon  the  earth,  the  zenith  distancee 
corresponding  respectively  to  the  radii  AO  and  A'O. 

366.  Tm;  Sdmneb  Like. — In  practice,  under  the  conditions  existing  at  sea,  it 
IS  never  necessary  to  determine  the  whole  of  a  circle  of  equal  altitude^  as  a  very  small 
portion  of  it  will  suffice  for  the  purposes  of  navigation;  the  position  is  alwaysicnown 
within^  a  distance  which  will  seldom  exceed  30  miles  under  the  most  unfavorable 
conditions,  and  which  is  usually  very  much  less;  in  the  narrow  limits  thus  required, 
the  are  of  the  cirde  will  practically  coincide  with  the  tangent  at  its  middle  point, 
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and  may  be  regarded  as  a  straight  line.  Such  a  line,  comprising  so  much  of  the  circle 
of  equal  altitude  as  covers  the  probable  limits  of  position  of  ttw  obeerver,  is  called  a 
STtmner  line  or  line  ofpoaUion. 

The  latter  deaignatioa  has  also  a  more  extended  meaning,  embracing  any  line, 
straight  or  curved,  which  forms  a  locus  of  the  ship's  position,  wnether  it  be  obtained 
from  observatiooa  of  celestial  bodies  or  from  beanngs  or  distances  of  terrestrial 
objects. 

366.  Since  the  direction  of  a  circle  at  any  point — ^that  is,  the  direction  of  the 
tangent— must  be  perpendicular  to  the  radius  at  that  point,  it  follows  that  the 
Sumner  line  always  lies  in  a  direction  at  right  angles  to  that  in  which  the  body  bears 
from  the  observer.  Thus,  in  fig:ure  55, 
it  may  be  seen  that  m  m'  and  n  n',  the 
extended  Sumner  lines  corresponding  to 
the  bodies  at  A  and  A'^  are  respectively 
perpendicular  to  the  beanngs  of  the  bodice 
OA  and  OA'.  This  fact  has  a  most  im- 
portant application  in  the  employment  of 
the  Sumner  line. 

367.  UsBS  or  thb  Sdhnxk  Ldtb. — 

The  Sumner  line  ia  valuable  because  it 

gives  to  the  navigator  a  knowledge  of  all 

of  the  probable  positions  of  his  veasel, 

while  a  sight  worked  with  a  single  assumed 

latitude  or  longitude  gives  but  one  of  the 

P,Q,  j5_  probable  positions;  it  must  be  recognized 

that,  in  the  nature  of  things,  an  error  in 

the  assumed  coordinate  will  almost  invariably  exist,  and  its  possible  effect  should 

be  taken  into  consideration;  the  line  of  position  reveals  the  difference  of  longitude 

due  to  an  error  in  the  latitude,  or  the  reverse. 

Since  the  Sumner  line  is  at  right  assies  to  the  bearing^  it  may  be  seen  that  when 
the  body  bears  east  or  west— that  is,  when  it  is  on  the  prune  vertical — tie  resulting 
line  runs  north  and  south,  coinciding  with  a  meridian;  if,  in  this  case,  two  latitudes 
are  assumed,  the  deduced  longitudes  will  be  the  same.  When  the  body  bears  north 
or  south,  or  is  on  the  meridian,  the  line  runs  east  and  west,  and  becomes  identical  with 
a  parallel  of  latitude;  in  such  a  case,  two  assumed  longitudes  will  give  the  same 
latitude.  Any  intermediate  bearing  gives  a  Sumner  line  mclined  to  both  meridians 
and  parallels;  if  the  line  agrees  in  direction  more  nearly  with  the  meridian,  latitude 
should  generally  be  assumed  and  the  longitude  worked'  if  it  is  nearer  a  parallel,  the 
reverse  course  is  usually  preferable.  The  values  of  the  assumed  coordinates  may 
vary  from  10'  to  1",  according  to  circumstances. 

368.  The  greatest  benefit  to  be  derived  from  the  Sumner  method  is  when  two 
lines  are  worked  and  their  intersection  found.  The  two  lines  may  be  given  by 
different  bodies,  which  is  generally  preferable,  or  two  different  lines  may  be  obtained 
from  the  same  body  from  observations  taken  at  different  times.  The  position 
given  by  the  intersection  of  two  lines  is  more  accurate  the  more  neariy  the  lines  are 
at  right  angles  to  each  other,  as  an  error  in  one  line  thus  produces  less  effect  upon  the 
resuu.  When  two  observations  of  the  same  body  are  taken,  the  position  of  tne  ship 
at  the  time  of  first  sight  must  be  brought  forward  to  that  at  the  second  in  considering 
the  intersection;  if,  K)r£xample,  a  certain  line  is  determined,  and  the  ship  then  runs 
NW.  27  miles,  it  is  evident  that  her  new  position  is  on  a  tine  parallel  with  tne  firat  and 
27  nules  to  the  NW.  of  it'  a  second  line  being  obtained,  the  intersection  of  this  with 
the  first  line,  as  corrected  for  the  run,  gives  the  ship's  position. 

Besides  the  employment  of  two  lines  for  intersection  with  each  other,  a  single 
line  may  be  made  to  serve  various  useful  purposes  for  the  navigator.  These  are 
described  in  article  3S9,  Oiapter  XVI. 

HETHODB  OF  BBTXaiOHATIOH. 

369.  JTiere  are  three  methods  in  common  use  for  determiniM  the  Sunmer  line: 
(a)  The  Chord  Mbthod:  To  assume  two  values  of  one  coordinate  and  find  the 

corresponding  values  of  the  other.    Two  values  of  the  latitude  may  be  assumed  and 
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the  longitudes  determined,  as  woa  done  by  Cspt.  Smnneir  on  (he  ocoaeion  that  led  to 
the  diacovery  of  his  method;  or  else  two  values  of  the  longitude  m&y  be  assumed 
and  the  latitudes  determined.  Two  points  are  fixed  in  this  way,  and  toe  line  joining 
them  is  the  Sumner  line. 

(&)  Thb  Tangent  Method:  To  assume  either  one  latitude  or  one  longitude  and 
detennine  the  corresponding  coordinate.  This  gives  one  point  of  the  Sumner  line. 
The  azimuth  of  the  observra  celestial  body  is  then  ascertained,  and  a  line  is  drawn 
tiirough  the  determined  point  at  right  angles  to  the  direction  in  which  the  body  bore 
at  the  time  of  the  sight.     This  wUTbe  the  Sumner  line. 

(c)  In  accordanbe  with  the  method  of  Saint  Hilaire,  to  be  described  in  article 
371,  to  lay  off  from  on  assumed  geographical  position,  along  the  line  of  diroction 
in  which  the  body  bore  at  the  time  of  the  sight,  the  determined  distance  to  the 


370.  It  foUowB  that  if  the  Sumner  line  be  located  by  the  first  method  and  its 
direction  thus  defined,  the  azimuth  of  the  observed  body  may  be  determined  by 
finding  the  angle  made  by  the  line  with  the  meridian  and  adding  or  sutstracting  90  . 


-■i-r  -    '^  ,  •■»-, -rl' 30";  height  oi  eye,  18  feet.    Be<iuired  the  Sumner lioe. 
From  ft  solution  of  this  same  problem  foi  a  single  longitude  (an.  343  Chap.  XIII),  the  following 
irere  found:  H.  A.  from  Gr.,  2''02"07'  W,;  A,  32'  42'  Ol'':  p,  101'  ST'  18".    A«ume  values  of  Lat. 
25"  Oa'  and  26=  Zr  S. 

A         32"  *2'  01" 

t,        2&    02  00  sec  .04284  L,       25°  22' 00"         sec  .04403 

p       101    37    IS  cosec  .00900  cooac  .00900 


Or.  H.  A,    ^'  02»  07-  W.  2)19.  IfiBll         Gr.  H.  A.    2^  02"  07"  2)19. 16447 

R.A.1         3   00    45  E.      BinK     B.SS4ea         H.  A.,         2    59    44  sin  i  1^     «.68224 


"^■'t  75°  43'  00"r ■  I'MWat  75«  27'  46"]^ ' 

A  comparison  of  these  results  with  those  obtained  by  the  solution  with  a  single 
latitude  shows  that  the  hour  angle,  and  consequently  the  longitude,  COTrespondmg 
to  the  latitude  25°  12'  S.  are  the  means  of  those  corresponding  to  the  latitudes  here 
naed;  and  therefore  that  the  assumption  that  the  Sumner  line  is  a  straight  line  is 
aocnrate. 

The  line  of  the  same  sight  might  also  have  been  found  as  follows: 
"    •■         ■  '  ■' Bsinglel  ■■■    ■    '"    ■■  •        '■'■■■ 


Working  with  the  single  latitude  25°  12'  S.,  it  was  found  that  the  corresponding 
loDgitude  was  75"  35'  30'  W.  Now,  by  refemng  to  an  azimuth  table  or  azimuth 
diagram,  the  azimuth  corresponding  to  Lat.  25°.2  S.,  Dec.,  11°.6  N^  H.  A.,  3^  0(P'.2 
E.  18  S.  124°  30'  E. ;  therefore  the  Sumner  Une  extends  S.  34°  30'  E. 

Hie  line  may  therefore  be  defined  in  either  of  two  ways,  thus: 


Or, 


,   f25°  02'  00"  S.  .  f25°  22'  00"  S. 

'■'175     43    00     W.  ■*'175     27    45    W. 

.J25°  12'  00"  S.  line  runs  S.  34°  30'  E. 
*176    35    30    W. 


By  inspection  of  the  coordinates  of  A,  and  A,  it  may  be  seen  that — 

+  20'  diff.  lat.  makes  -15' .25  diff.  long.;  or 

+  20  miles  diff.  lat.  makes  — 13.8  mUes  departure. 

Therefore  by  reference  to  Table  2  it  appears  that  the  line  nms  about  S.  34°  30' 
G.,  and  the  azimuth  of  the  body  is  S.  124^  30'  E.;  thus  the  results  obtained  by  the 
two  methods  agree. 

DigilizPdbvGoO^le 
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EiAKFLi:  At  BM,  M«y  18. 191«,  ».  m.,  Ut.  41"  3S'  N., , 

seriM  of  observed  &ltitndea  of  the  bud'b  lover  limb  WM  29°  41' O.   , . ,.    _.    , 

C.  Cy^+4"  59'.2;  I.  C, -30";  heiglitof  theeyo,  23feet;  C-W,2»17»06'.    Reqoind  the  StutfOH line. 

From  a  solution  of  this  mne  problem  for  'a  nude  longitude  (ut.  343,  Chap.  Xlll)  the  foUowuw 
were  found:  G.  A.  T.,  21'' 46*3&':  A,  29"  BCtM";?,  70''28'42".  Aamime  valuee  of  the  latitude  41' 0? 
and  42'  03'  N. 


29'  SO*  04" 
41  03  00 
70    28    42 


42°  03'  00" 


2)141    21    46 

«,        70    40    53 
*,-A  40    eO    49 

Bin 
rinl 

9. 6196a 
9.81S60 

2)19. 4S345 

,     9. 74172 

t,              71    10    63 

$j-h         41    20    49 

COB  9. 50663 
Bin            9.  ei9» 

G.  A.T.,    21^«»>35' 
L.  A.  T.,     19    32    07 

G.  A.  T.    21*  46"  as- 
L.A.T^  19    32    05 

2)19. 48356 
Bin  i  ^    9. 7417S 

14»  28*  Ito  t^„„       /  S"-  14-  30-  \w 

37'  OO-'P-  I*-*-.     \33-  37'  30"r- 

oy  00"  N.         .  f42'  03'  00"  N.        +60'  diff.  lat.  makeB+0'.25  long. 
37    00    W.       ^33    37    30    W.       +60mUeBdifT.lat.  makeB+0.2miledepartiite. 
Line  mna,  N.  i"  W.    Aamutb,  N.  Sa)"  E. 

He  same  Bite  worked  with  a  single  latitude,  41°  33'  N.,  as  was  d<Hie  in  the 
original  example,  with  azimuth  taken  from  tables  or  diagram,  gives: 


41°  33' 

00"  N. 

Aziiniith, 

N.  89°  45'  E. 

33°  37' 

16"  W. 

Line  runs, 

N.    0°  15'  W 

This  example  illustrates  the  case  in  which  an  observation  is  taken  practically 
on  the  prime  vertical;  the  azimuth  shows  the  bearing  to  be  within  0°  15'  oTtnieEBSt, 
and  the  Sumner  line  is  therefore  within  0°  15'  of  the  meridian^  a  variation  of  30' 
in  either  direction  from  the  dead  reckoning  latitude  makes  a  difference  of  only  7" .5 
in  the  longitude. 

ExA»u:  OctoberlO,19i6,inLat.6'20'S.  byaccount,Loiig.  30'21'30"W.;duo.tim«,12*45>10': 
observed  altitude  <^moon'B  upper  limb,  70' ly  30",  bearine  north  aiid  eut;  I.  0.,  —9' 00";  heightu 
eye,  26  feet;  cbro.  foot  of  G.  H.  T.,  1^'37V6.    Required  the  Sumner  line. 


the  longitudea  30'  W  and  30'  30"  W. 


Gr.  H.  A. 
Long., 

l"-  16-  51-  W. 
2    00    40  W. 

0>  43- 49- 
10'  67'  15" 

5 

10' 
10 

67'  15" 
03    00 

ooc     .00799 
Un  9.24SS3 

h 

70 

11    03 

*"■ 

10 

13    57  N. 

tan  9. 25652 

*', 

16 

43    30  S. 

Ul., 

6 

29    33  S. 

5 

11' 
10 

17'  15" 
03    00 

sec    .00848 
tan  9.  24863 

A 

70 

11    03 

^'. 

10 

14    38  N. 

tan  9.  25701 

*'. 

16 

31    00  8. 

Lat, 

6 

16    22  S. 

JO*  45- 
Mll»  17' 


^S 
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Working  hj  the  other  method,  and  finding  the  azimuth,  we  hare: 
a|qS°  Vt     It'w  I^e  runs  N.  65"  SC  W. 


It  nu^t  be  ahovn  that  the  results  check  with  each  other,  as  in  previous  cases. 

ExAMPu:  At  BW,  July  12, 1916,  in  Lat.  60°  N.,  Long.,  40°  W.,  oboerved  dicum-meridiui  altitude 
d  the  buu'b  lower  limb,  the  time  by  a  chronometer  regulated  to  Greenwicli  mean  time  being  2^  41'  39*1 
dm.  corr.,  -2*30';  1.  C,  — 3'0";  height  of  the  e]re,  15  feet.    Find  the  Sumner  line. 

From  the  aolution  ot  the  same  problem  tor  a  mngle  latitude  (art.  330,  Chap.  XII)  the  following  valuM 
were  obtained:  G.  A.T..  2>'33»«*;  ft.Sl'ST'Ol";  3,  21"  eySy'N.;  a  {Tab.  20),  2".6.  Anumelongi- 
tndes  39°  4&'  and  40°  W  W. 

Or.  H.  A.       2"  S3-  45-  Or.  H.  A.        2"  33»  4V 

Lcmg.,        -  2    39    00  Long.,        -  2    41    00 


6 

IS 

61° 

67' 
1 

01" 
09 

61 

68 

10 

28 
21 

01 
68 

60  N. 
38  N. 

7 

15 

61° 

57'  01" 
2  11 

61 

69 

12 

L,  60    00    28  N. 

like  line  given  by  these  coonUnates  is  tlien: 


This  shows  that  the  Sumner  line  lies  so  nearly  in  a  due  east-and-west  direction 
that  a  difference  of  longitude  of  30'  makes  a  difference  of  latitude  of  only  1'. 

From  the  azimuth  tables  or  diagram,  it  is  found  that  the  azimuth  of  the  sun 
correeponding  to  Lat.  60°  N.  Dec.  22°  N.  and  H.  A.  6"  IS*  E.,  is  N.  176"  55'  B. 
Therefore,  usmg  the  values  given  by  the  earUer  solution,  the  line  is  defined  as  follows: 

mf  m  m  w.  ^»  ""»  "■  ^°  55'  E. 

The  direction  of  the  line  thus  given  and  of  the  one  found  from  the  double  co- 
ordinates may  be  shown  to  agree  as  in  examples  before  given. 

THS  MBTBOI}  OF  SAINT  HTT^AniK  OK  OP  THB  CALCUI^TBD  ALTZTUSES. 

371.  The  for^ioiog  parts  of  this  work  hawe  set  forth  that,  when  the  purpose 
of  the  navigator  is  to  find  the  latitude,  the  observed  celestial  body  should  be  situated 
oa  or  near  the  meridian  or  at  least  not  remote  from  it,  and  that  he  must  apply  different 
rules  according  as  the  body  is  on  or  near  or  more  remote  from  the  meridian:  and 
■gain  when  his  purpose  is  to  find  the  longitude,  the  observed  celestial  body  should 
be  situated  on  or  near  or  at  least  not  remote  from  the  prime  vertical,  and  that  he 
must  then  apply  another  set  of  rules.     It  is  also  explained  in  article  363  that  a  navi- 

er,who  has  measured  the  altitude  of  a  celestial  Dody  at  a  known  instant  of  time, 
really  located  bis  geographical  position  on  the  circumference  of  a  circle  whose 
radius  is  equal  to  the  zenith  distance  (90°  — Alt.)  and  whose  center  is  the  geographic^ 
portion  of  the  celestial  body  or  that  point  on  the  earth's  surface  which  f  aBs  vertically 
under  the  observed  body  at  the  instant  of  observation. 

It  has  been  pointed  out  that  practical  needs  are  concerned  only  with  that  portion 
of  the  circumference  of  the  circle  of  position  which  lies  in  the  vicinity  of  the  estimated 
position  of  the  ship,  and,  having  seen  how  this  portion  may  be  determined  and  laid 
Qown  by  methods  depending  upon  the  computation  of  latitudes  and  longitudes,  we 
proceed  to  extend  our  view  to  the  accomplishment  of  this  purpose  by  a  method  wluch 
B  now  rapidly  growing  in  favor  among  practical  navigators,  because  it  brings  the 
whole  of  astronomical  navigation  under  a  single  rule  by  rendering  the  course  of 

Erocedure  the  same,  whatever  the  situation  in  the  heavens  of  the  observed  body  may 
e,  provided  only  that  the  conditions  admit  of  accurate  measurement  of  its  altitude. 
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In  figure  54,  the  drcumferenca  of  a  circle  of  position  ia  represented  as  having 
beoi  laid  down  from  A,  the  geographical  position  of  the  observed  bnodT,  as  a  center, 
with  a  radius  AC  equal  to  the  zenith  distance  of  the  observed  celestial  body;  but  it  ' 
is  evident  that  a  small  arc  of  the  circumference,  not  differing  sensiblv  from  a  strai^t 
line  within  the  extent  of  a  Sumner  line,  may  be  determined  in  the  following  maimer 
from  a  neighboring  geographical  position,  as  at  P,  inside  or  outside  of  the  circum- 
ference and  at  or  near  the  position  of  the  ship  as  given  bj  dead  reckoning: 

1.  Find  the  great-circle  distance  (zenith  distance)  and  bearing  (azimuth)  of  the 
geographical  position  of  the  observed  body  A  from  the  observer's  assumed  position  P. 

2.  Take  the  difference,  in  minutes  of  arc  (nautical  miles),  between  this  zenith 
distance  AP  due  to  the  observer's  assumed  position,  and  the  zenith  distaace  AC 
found  from  the  true  altitude  resulting  from  observation. 

3.  Lay  off  this  difference,  which  is  called  the  altitude-difference,  or  intercept, 
from  the  assumed  position  P  either  away  from  or  toward  the  observed  celestial  bwly 
according  as  the  true  altitude  by  observation  is  less  or  ereater  than  the  altitude  it 
the  assumed  position,'  and  through  the  point  thus  reached  draw  a  line  at  ri^t  an^ee 
to  the  bearing. 

The  line  so  drawn'^will  evidently  be  a  tai^ent  to  the  drcumference  of  the  drole 
of  portion,  and  will  be  so^nearly  coincident  with  this  circumference  throughout  such 
length  as  the  Suniner  line^need  have,  in  all  those  cases  in  which  the  zeniUi  flistanoe 
is  aa  great  aa  10°,'that  the  tangent  itself  may  be  taken  as  the  true  line  of  position. 
Obviously  the  only  trigonometrical  computation  that  occurs  under  this  method  is 
in  calculating  the  lengfll  and  bearing  of  the  great-circle  are  joining  the  position  P, 
which  is  assumed  or  miown  from  the  dead  reckonii^,  with  the  geographical  position 
A,  which  .is  always  in  a  latitude  equal  to  the  declination  of  the  observed  celestial 
body  at  the  instant  of  observation  and  in  a  longitude  equal  to  the  hour  angle  of  the 
body  from  the  prime  meridian  (Greenwich),  tk  the  case  of  the  sun  the  Greenwieh  ' 
hour  angle  is  expressed,  by  Greenwich  apparent  time,  and  in  the  case  of  any  other 
celestial  Dody  the  Greenwich  hour  angle  is  found  as  explained  in  article  293,  using 
G.  M.  T.  mstead  of  L.  M.  T. 

372.  Being  strictly  in  the  nature  of  calculating  the  great-drcle  (Stance  and 
course  between  two  pomta  whose  latitudes  and  longitudes  are  ^ven,  these  comgu- 
tationa  may  be  made  according  to  articles  190  and  191,  Chapter  V;  but  in  practice 
it  is  unnecessary  to  do  so,  since  various  altitude  and  azimuth  tables  give  the  distance 
and  azimuth  or  true  bearing,  on  the  globe  or  on  the  celestial  sphere,  of  any  place  from 
every  other  [jace,  and  consequently  the  altitude  and  azimuth,  or  zenith  distance  and 
bearing,  that  any  celestial  body  would  have  at  any  given  time  to  an  observer  mtuated 
in  any  ^ven  geographical  portion.  So  that  an  observer  in  a  geographical  position 
aa  yet  unsown,  about  to  measure  the  altitude  of  a  celestial  mdy  for  the  puipose 
of  deducing  geowaphical  position,  may  assume  beforehand  a  geographical  positioB 
in  the  region  of  his  station  and  find  from  the  tables  the  altitude  and  azimuth  which 
the  celestial  body  would  have  if  .observed  from  the  assumed  position;  and  then, 
comparing  the  altitude  so  taken  from  the  tables  with  the  true  altitude  obtained  by 
measurement,  may  at  once  find  the  Sumner  line  by  laying  off  from  the  assumed  geo- 
graphical position  along  the  direction  of  the  bearing  an  intercept,  called  the  altitude- 
difference,  and  drawing  through  its  extremity  a  line  at  right  angles  to  the  bearing. 

After  finding  the  altitude-difference  or  intercept,  the  simplest  procedure  confflstfl 
in  laying  it  off  on  the  chart  from  the  assumed  position  and  drawing  the  Summer  line 
through  its  extremity,  but  if.  for  any  reason,  this  process  is  not  desirable,  the  latitude 
and  longitude  of  the  extremity  of  the  intercept,  which  is  a  point  on  the  Sumner  hue, 
called  the  "computed  point,  may  be  found  by  the  use  oi  the  Traverse  Tables,  or 
may  be  computed  directly. 

The  exact  position  of  the  observer  on  the  Sumner  line  is,  of  course,  indeterminate 
from  one  observation,  unless  either  the  latitude  or  longitude  of  the  observer's  position 
be  ^own  beforehand,  but  the  computed  point  will  always  be  nearer  to  the  actual 
portion  of  the  observer  than  the  dead  reckoning  or  assumed  poation  is.  To  obtain 
a  fix,  that  is,  to  find  the  actual  position,  it  is  necessary  to  determine  the  intersection 
of  the  first  Sumner  line  with  another  Une  of  position,  which  may  be  another  Sumner 
line  or  a  line  of  bearii^  or  any  other  line  containing  the  ship's  position  at  the  same 
time. 
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When  the  specially  prepared  altitude  and  azimuth  tables  are  not  preferred,  the 
lequired  azimuth  or  true  bearing  of  the  observed  celestial  body  mar  be  taken  from 
the  time  azimuth  tables,  and  the  senith  distance,  and  hence  the  altitude,  that  the 
observed  body  would  have  at  the  inatsnt  of  observation  to  an  observer  in  the 
asmned  geographical  position  may  be  conveniently  computed  by  the  following 
formula : 

hav  z—hav  (Xj''d)  +  coa  L  cos  d  hay  ' 

or  by  the  formula  of  havendnes,  which  is  rid  of  all  doubt  as  to  the  algebraical  Eogna 
of  me  quantitiee  and  requires  reference  to  only  one  trigonometrical  table : 

hav  s-hav  (Co.  L-P.  D.)  +  {haT  (Co.  L+P.  D.)-hav  (Co.  L-P.  D.)}haT  ( 

'Hiese  are  modifications  of  the  fundamental  formula: 

sin  ft  — sin  L  sin  d+coa  Lcos  d  cos  t, 
which  is  itself  often  preferred  for  the  computation  of  the  altitude  from  the  latitude, 
(leclination,  and  hour  angle. 

In  the  computations  which  follow,  the  parts  of  the  several  formulie  have  been 
designated  as  followb: 

DT  THE  008INE-HAVEBBINE  FOBHUIJk: 

hav  9—coa  L  coa  (f  hav  (,* 
hence, 

hav  *-hav  (L-^+hav  B 

IN  THE   HAVESSINE   FOaHTJLA: 

hav  A=hav  (Co.  L+P.  D.l-hav  (Co.  L-P.  D.) 
havB={hav(Co.  L+P.  D.)-hav  (Co.  L-P.  D.)}  hav  f 
hence, 

hav  f^hav  (Co.  L-P.  D.)+hav  B. 
nt  THE  SINK-OOSINE  FORMULA: 

A —sin  L  Bin  if,    B— cos  Lcoatf  cos  t;  ^ 
hence,  s 

Bin  A-A+B. 

Bxaitpu:  At  sea.  Hay  IS,  1916,  a.  m.,  lAt.  41°  33^  N.;  Lang.  33°  37'  W.,  by  D.  B.,  th«  m«att  o<  a 
taim  tA  ohMrved  altdtudee  of  the  son's  lower  limb  was  29"  41'  w";  the  mean  watch  time,  7^  20~  45.3*: 
C.C.,+4-59.2*;  LC.,-30";  haghtof  eye,  23  feet;  C.-W.,  2^  IZ-OO-.    Required  the  Bumner line. 

Fnunaaoliition  of  theaame  problem  under  article  343^Chapt«rXIII^nd  article  370,  Chapter  XV,  the 
foIk>wi)«aretakenfromamoQgtheprepareddata:O.A.T.,21^4e**36*;P.  D.,70°26'42''';  A,  29<'60'04'', 
and,  therefore,  the  mcMured  eenith  distance  (90° -h),  60°  Ofr'  W. 

AMome  a  poeitioa  in  Udtnde  41°  SCK  N .  and  hwgitnde  33°  3B' 46''' or  2»  14"  SS- W.,  then  the  solution 
viU  be  aa  followB: 

L.  41°  30"  00"  O.  A.  T.  21"  46»  36' 

Long.         2    14     36  W. 

Co.  L.      48    30  00  

P,  D.       70    28   42  L.  A.  T.  1»    32    00  -i. 

Note.— After  ob tuning  the  G.  A.  T.,  it  will  be  Been  tbat  the  longitude  of  the  assumed  potation  may 
be  so  chosen  as  to  avoid  seconds  in  the  L.  A.  T.  or  H.  A. 

The  aamnth  found  from  the  azimuth  tablee  is  K.  89°  4^  E.  ^r 

BT  THB  COSIN'E-BATEBSINB  FOBlfUI.A: 

(      m  32-  00<  log  hav  9. 48376 

L     41°  30'  00"  N.  Iwcos  9.87446 

d     16°  31'  18"  N.  log  cos  9.07429 

log  hav  8  e.  332530 
nat  hav  B  0. 21G06 
..nathav  0.03634 
..nat  hav     0.26139 


Altitude-di  ff erence 


11' 

00* 

60° 
90° 

00" I 

00" 

29 
29 

49 
60 

00 
04 

THB   SUMNSB   UNB. 


BT  THE  aATSBSINE   FORWTLA.: 


Co.  L+P.  D. 

118->  68'  42"nathaT    0.  7422S 

Co.  L-P.  D. 

a    68 

42    Dathav    a  03634 

lutUvA 

a  TOSfll" 

logUvA 

184876 

logbvrt 

0:48878 

loghavB 

asssu 

natUvB 

a2160S 

n»tluiv(Oo.L-P.D.) 

a09634 

utluv< 

a  26130 

Oolculfttedf 

80»  11'  00" 
OO    00    00 

Calculated! 

Obeerv«dA 

ence 

20    eO    04 

Altdtudwliifer 

1    04 

BT  THE  SINX-008INE  FOKMULA 

(       W  32-00' 

zas"  ov  00" 

...loRCM    9.59188 

IoSbh 

d      19    31    18    N. 

logrin 

ft  62396 

log  COS    0.97420 

log  A 

0.34622 

log  B      9.  44063 

a  22142 

B      0. 27681 
A      0. 22142 

CalcuUtod  A-2»"  49'  00"      natam-A+B              tt  49723 

Since  the  observed  altitude  is  higher  than  the  calculated  altitude,  the  obeerrer's  - 
poeition  is  nearer  to  the  observed  body  than  the  assomed  position.    Consequently 
the  altitude-difference  should  be  laid  off  in  a  direction  to  the  east  and  north,  89"  45  , 
1 .0  nautical  mile  from  the  assimied  position. 

Or,  by  the  Traverse  Tables : 


*  38'  45"  W. 
1    IS    E. 


c^ 

DUtaDM. 

DULLat. 

D«p. 

DHL  Low. 

89"  45' 

1.0 

O'.ON. 

-  1'.  0  E. 

1'.  3  E. 

Assumed  position,  Lat. 
Diff.  Lat. 


Computed  point  on  Sumner  line,  41°  30'  00"  N. 


41"  30'  00"  N. 

00    N. 


Long. 
Diff.  Long. 


The  direction  of  the  Sumner  line,  being  at  right  angles  to  the  azimuth  or  true 


bearing  of  the  observed  celestial  body,  runs 
and  179°  45' 


"  15'  W.  and  S.  0=  15'  E.  or  359°  45' 


a.  Lat.  6"  20*  8.  by  account,  Long.  30"  21'  30"  W.;  diro.  ti 
of  moon'B  upper  limb,  70°  W  30"  bearing  north  and       ■   '  " 
height  of  eye,  26  feet;  chro.  fart  of  O.  M.  T,,  1"  37" .6.    Required  the  Sumner  line. 


'  bearing  north  and  east;  I.  C,  —3'  00"; 


From  a  solution  of  the  same  problem  under  article  332,  Chapter  XII,  ajid  a 


Assume  a  pooition  in  Lat.  6"  00'  S.  and  Long.  30°  27'  4&"  ^ 
L  6°  W  00"  8. 


J,  hence,  P.  D.,  79"  67'  00". 

;  then  the  solution  will  be  aa  foUowa: 

1»  16-51'W. 

2    01    61  W. 


or  Table  4S  la  luoh  ■! 


tjot  taUnc  out  tli<vilu*cf  tbaaa^tnOiullDctbaiM 


Google 


THB   SUlfNXB   UNB. 


BT  THB  OOeiKS-BATEBBINB  FORMULA: 


1 

0»  45-00' 
6"  W  00"  S. 
10    03   00    N. 

loghftv  7.98260 
Iwc«a  9.V9T61 
1^  CM       9. 99328 

L~d 

le*-  oy  00" 

19    34    30    . 
90    00   00 

loghav*   7.97349 

iu>tbAV«  0.00941 
nkt  hftv     0. 01949 

nat  h&v     0. 02800 

OUcuUt«dA 
Obaervedft 

70    26   30 
70    11   03 

Altitudeniiffereii 

ce             14   27 

BT  THX  HAVKBSINE  FOBHULA: 


Altltude-diScronce 
BT  THS  BIHB-<X>8INB  rORlCUIA: 


(        0*  45-00' 

11"  ly  00" kgCM  0.09157 

L     6    00    00  8.        log  Bin     9.01923—    log«M  9.99761 

if    10    03    00  N.       log^     9.24181       logcoa  9.0932S 

log  A        8.26104-    log:^         9.98248 

A       —0.01824       B        -    0.96044 

A        - -0.01824 

CftlctiUt«dft-70'26'80"i!»t.  Bin-A+B    O.M220 

The  admoth  faom  tlie  Azimnth  Tkblea  S.  146°  60*  E.  or  N.  34°  10'  E. 

Since  the  observed  altitnde  is  lower  than  the  calculated  altitude,  the  obBerver's 
position  ia  further  removed  from  the  observed  bodr  than  the  assumed  position. 
ConsequeDtlT  the  altitude-difference  should  be  laid  off  to  the  south  and  west,  214° 
14.4  nautical  miles  from  the  assomed  position. 

Or,  by  the  Traverse  Tables: 


COBtW. 

DMaoM. 

DUt-Lst. 

D.P. 

DULLoDg. 

214" 

14.4 

ll'.B  S. 

8'.0W. 

y.ow. 

Asiuiiod  poflitioE 
Diif.  L*t. 


C(mpiited  pofnt  on  Sunmet  tine,    6 


6°  00"  00"  S. 

11  54    S. 


30"  27'  4y'W. 
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Tiie  direction  of  the  Simmer  line,  being  at  ri^t  an 
bearing  of  the  observed  body,  is  N.  55°  50'  W.  and  '< 
and  124°  10'. 


[les  to  the  azimnth  or  true 
..  55"  50'  E.,  or  304°  10' 


Examplb:  Atsea,  Ju1vI2,  1916,  in  Lat.  60°  N.,  Long.  40°  W.,  observed  an  ex^Deridiuikllitudeof 
Hie  aon's  lower  limb,  61°  48'  30"  the  time  bv  chronometer  rwulated  to  Greenwich  mean  time  bong 
?'41"39';  chro.  corr.,— 2=  30";  I.  C.,— S'OO";  height  of  eve,  15  feet.    Find  the  Sumner  line. 

From  a  solution  of  the  same  problem  under  article  330,  Chapter  XII,  and  again  under  article  370, 
Chapter  XV,  the  following  quantities  are  taken  tr«n  among  the  prepared  data:  Q.  A.  T.,  2^  33"  45*;  k, 
61°  67'  01";  d,  21"  68'  38^  N. 

Asnmie  a  poeitiou  in  Lat.  49°  60*  N.,  Long.  40°  U' lfi"or  2'40'4&' W.,  then  the  Mlntionirillbe 
as  follows: 

L.         49°  SO*  00"  N.  G.  A.  T.       2*  33-  46-  d  21°  68'  38"  M. 


P.  D.    68    01    22  L.  A.  T- 

BT  COSDTB-HATZBBtKB   FOBVmA: 


>t    0    07    00  K 


0^     7"00' 
49°  bC  DO"  N. 
21°  68'  SS"  N. 


Altitude-diSetence 


BT  HATXBSINB   POBHUI.A: 


nathavs 
Oalculfttedf 


6.36774 
a60»67 
9.  M724 


loghav 

log  COS 
log  COB 


loghavf     aX4456 


natbav     a  06807 


Altitude-difference 
BT  THE  SIKIE-OOSINB   FOEMULA: 


0^  07»00' 
1"  46'  00" 
40    60    00  N 
21    58    38  N 


Calculated  fl=.e2°  06'  37"  nat  sin    - 

The  azimuth  from  the  Asimuth  Tables:  N.  177°  E.  or  8. ! 


A+B      0. 88386 
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Since  the  obeervad  kllitnde  ia  lower  than  the  calcnlated  altitude,  the  obaerver'a  poeitioii  is  tarther 
nmoT«d  from  the  observed  body  than  the  aaeumed  poaition.  Conaequmitly  the  altitude-difference 
should  be  laid  off  to  the  north  via  weet,  S&7°,  9.7  nautical  milee  from  the  sMumed  poaition. 

Or,  by  the  Tnmse  Tablee: 


40'  11'  W  W. 


ComM. 

Dfcunc. 

DW.KL 

DV- 

ML  Long. 

357° 

9.7 

9.7  N. 

tcsw. 

CK.TS  W. 

&I, 


Computed  point  of  Sumner  line      49    69    42    N. 


dtt  anglee  to  the  anmuth  or  true  bearing  of  the  obeerved 


873.  In  the  firat  of  the  three  forgoing  examples,  the  observed  celestial  bodj  is 
npreeented  as  beiii£  near  the  prime  vertical;  in  the  second,  remote  from  both  the 
tffime  vertical  and  me  meridian;  and  in  the  third,  near  the  meridian.  These  examples 
nave  been  solved  in  the  ^preceding  chapters  by  three  different  methods  knovn, 
napectivelj,  as  the  time  sight,  the  0'  ^',  and  the  ex-meridian;  but  we  have  here 
treated  ^  of  them  by  one  method,  and  nave  determined  Sumner  lines  which  are  in 
i^reement  with  those  determined  by  the  various  precediog  methods.  And  it  would 
be  lilEewise  if  we  should  take  examples  in  which  meridian  altitudes  have  been  observed. 
Inaamudi  as  the  local  hour  ao^  of  a  celestial  body  is  0°  at  the  time  of  its  passage 
across  the  meridian  of  an  observer,  the  second  member  of  the  rig^t-hand  side  of  the 
equation  of  haversines  becomes  zero  in  cases  in  which  the  meridian  altitude  has 
been  observed,  since  the  haveraine  of  0°  is  equal  to  zero.  The  equation  therefore 
reduces  to 

hav  «-hav  (Co.  L-P.  D.) 

or 

«-(Co.L-P.D.) 

niiich  leads  at  once  to  the  usual  formulae  given  in  article  321,  Chapter  Xn,  for 
finding  the  latitude  from  a  meridian  altitude.  By  this  we  are  taught  the  full  inter- 
pretation of  a  meridian  altitude,  which  is  that  it  gives  the  latitude  of  the  intersection 
with  the  local  meridian  of  a  Sumner  line  coinciding  with  a  paraUel  of  latitude. 

371.  In  addition  to  the  simplicity  which  arises  from  always  working  by  the 
suue  rule,  the  navigator  has,  by  this  method,  the  further  practical  advantage  of  being 
able  to  do  the  most  of  the  work  of  obtaining  the  Sumner  line  before  taking  the 
observation,  sioce,  in  clear  weather,  he  may,  in  selecting  the  assumed  geogr^nical 
position,  assume  an  hour  angle  and  calculate  what  time  the  chronometer  or  watch 
ou^t  to  show  at  the  instant  when  the  celestial  body  has  this  hour  angle,  and  then 
observe  the  altitude  at  this  instant;  or,  if  anything  should  happen  to  m,&a  him  a  few 
sec<mdB  late  in  getting  the  altitude,  he  may  alter  the  assumed  longitude  by  a  coire- 
q>iHiding  amount  so  as  to  make  the  hour  angle  right,  and  then  the  rest  of  the  work 
vin  bold  good. 

After  correcting  the  observed  altitude  and  obtaining  from  it  the  true  altitude, 
no  more  time  need  subsequently  elapse  in  detennining  the  Sumner  tine  than  is 
necessary  to  take  the  difference  between  the  altitudes  found  by  calculation  and  by 
observation  and  to  rule  a  line  at  right  angles  to  the  bearing  or  the  observed  body 
through  the  point  found  by  laying  off  this  altitude-difference  as  an  intercept  from  the 
assumed  position. 

375.  It  has  already  been  remarked  that  the  labor  of  performing  such  computa- 
tions as  the  foregoing  may  be  saved  wh«i  a  book  of  altitude  and  azimuth  tables  is 
It  hand.  These  tables  are  arranged  to  be  entOTed  with  the  hour  angle,  the  declina- 
tioQ,  and  the  latitude;  and  they  contain  the  corresponding  values  of  the  altitude 
and  azimuth.  In  the  various  books  containing  such  tables,  the  special  rules  to  be 
observed  in  their  use  are  set  forth. 
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It  has  been  implied  that  vrhen  the  Altitude  of  the  obserred  body  ia  greater  than 
80°  and,  therefore,  the  zenith  distance  or  radius  of  the  circle  of  position  is  lees  than 
10°,  the  tangent  drawn  to  the  circumference  to  represent  the  Sumner  Hne  could  no 
longer  be  regarded  as  coinciding  throughout  its  proper  length  with  the  arc  of  the 
circumference.  When  the  zenith  distance  is  10°,  the  departure  of  the  tangent  from 
the  circumference  is  one-tenth  of  a  mile  at  a  distance  of  10  miles  &om  the  ^eoretic&l 
point  of  tangencj  and  seTen-tenths  of  a  mile  at  a  distance  of  30  milee  from  the 
theoretical  pomt  of  tangency.  These  departures  are  doubled  when  the  zenith  distance 
ia  reduced  to  5°^  and  tnej  are  nearly  twi  times  the  amounts  stated  for  10°  when  the 
zenith  distance  is  shortened  to  1  °. 

Ihere  is  not,  howerer,  any  occaaioii  for  reeorttug  to  the  proceeding  of  laying 
down  a  straight  Hne  as  a  substitute  for  an  arc  of  the  actual  circle  of  position  when 
the  zenith  distance  is  only  a  few  d^reea  in  length.  In  such  cases  the  greatest  coo- 
venience  and  the  beet  results  are  found  by  drawing  circles  of  position  directly  on  the 
navigator's  chart.  For  this  purpose  the  polTconio  chart,  being  issued  to  navigatXHS 
throughout  all  latitudes  from  20*  to  60°  north  of  the  Equator  m  connection  wiUi  the 
works  of  the  United  States  Coast  and  Geodetic  Surrey,  and  therefore  being  available 
throughout  a  hke  extent  of  south  latitude  by  mere  inveo^on,  is  generally  serviceable, 
because  a  chart  embracing  any  certain  parallels  of  latitude  is  available  between  these 
parallels  of  latitude  throughout  all  longitudes;  and  the  Mercator  projection  may  (dso 
be  used  for  this  purpose  within  the  Tropics^  since  the  length  of  a  mmnte  of  Imtituule 
aa  represented  on  this  projection  varies  but  httle  within  tropical  Emits.  For  instance, 
it  happens  in  crossing  the  tropical  zone  that,  for  a  day  or  so,  the  sun  ia  very  near  Ihe 
zenith— perhaps  not  more  than  1**  away  on  one  day  and  2°  or  3°  on  another.  In 
such  circumstancee,  having  a  chart  of  smtable  scale  embracing  the  parallela  of  latitude 
of  the  region  in  which  the  ship  is  situated,  plot  the  sun's  geographical  position  with 
Greenwich  hour  angle  aa  longitude  and  declination  as  latitude,  take  on  the  dividos  the 
zenith  distance,  or  complement  of  the  corrected  altitude,  and  draw  in  a  portion  of 
the  circumference  of  the  actual  circle  of  position  lying  near  the  position  oi  the  ah^ 
as  given  by  dead  reckoning.  Then  wait  until  the  azimuth  has  changed  30°  or  so — 
which  it  does  very  rapidly  near  noon — and  draw  a  second  similar  arc.  Ilie  intw- 
section  of  these  arcs  gives  the  ship's  position  with  accuracy.  Of  course  if  the  ship 
has  moved  in  geograpnical  place  m  the  interval  between  the  two  sights,  it  will  be 
necessary,  in  order  to  find  the  geographical  position  at  the  instant  of  the  second  si^t, 
to  move  the  first  circle  of  position  in  direction  and  amount  equal  to  the  course  and 
distance  made  good  in  the  mterral. 

FIMDJU'O  THE  IN  TKB  SBOTIOH  OP  mifNBB  ZJHXS. 

876.  The  intersection  of  Sumner  lines  may  be  found  either  graphically  or  by 
computation. 

(a)  Graphic  hethoda. — Each  line  may  be  plotted  upon  the  chart  of  the  locality 
in  which  the  ship  is  being  navigated,  in  accordance  with  the  data  for  its  determination 
(see  art.  367),  and  the  inteisection  Uius  found.  This  plan  will  commend  itself 
especially  when  the  vessel  is  near  shore,  as  the  chart  in  use  will  then  probably  be 
one  of  lai^e  enough  scale,  and  it  will  be  an  advant^e  to  see  where  the  Sumner  lines 
fall  with  reference  to  the  soundings  and  landmarks.  To  aid  the  extension  of  this 
convenient  practice  on  the  ocean,  where  the  navigator  is  usuaQy  furnished  only  with 
a  general  chart,  position-line  plotting  sheets  have  been  tHOvided  for  the  use  of  navi- 
gators upon  an  ample  scale. 

(&)  Methods  bt  Coicfutation. — The  finding  of  the  intersection  of  two  Sumner 
lines  by  computation  may  be  divided  into  two  cases: 

Cage  I.  When  one  line  lies  in  a  NE.-SW.  direction,  and  the  oHhet  in  a  NW.-SE. 
direction,  as  shown  in  figure  56. 

Oaae  II.  When  both  lie  in  a  NE.-SW.,  or  both  ia  a  NW.-SB.  direction,  as  shown 
in  figure  57. 

87T>  If  each  Sumner  line  is  defined  by  the  latitude  and  longitude  of  one  of  its 
points  and  the  azimuth  of  the  celestial  body  at  right  angles  to  whose  true  bearing  the 
Hue  runs,  we  may  then,  by  means  of  Table  47,  fiad  the  longitude  of  any  other  point 
on  such  a  line  wnen  its  difference  of  latitude  from  the  known  point  has  been  ascer- 
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tained.  The  numberB  in  Table  47  are  values  of  the  longitude  factor,  usually  denoted 
by  tbe  letter  F.  Th^  varr  with  the  latitude  of  the  observer  and  the  celestial  body's 
azimuth  at  right  angles  to  tne  direction  of  the  line,  and  express  the  change  in  longitude 
due  to  a  change  of  1 '  in  latitude  along  any  given  Sumner  line.  So  that  the  difference 
of  latitude  between  any  two  points  of  a  line,  being  multiphed  by  the  longitude  factor, 
vin  ^ve  the  difference  of  longitude  between  those  points. 

Tnming  to  figures  66  ana57  and  considering  the  Sumner  lines  A.  A,  and  B,  B, 
diere  represented  to  be  defined  by  the  azimuth  at  right  angles  to  eacn  and  the  lati- 
tudes and  longitudes  of  the  points  A,  and  Bi,  respectively,  we  proceed  to  show  tiie 
relations  whida  exist  for  determining  the  latitude  and  lon^tuae  of  tbe  fix  at  their 
intersection  by  means  of  the  tabulated  longitude  factors.  The  line  PO  being  drawn 
perpendicular  to  the  parallel  of  latitude  t£?ough  the  points  A,  and  B,,  the  latitude 
of  me  intersection  will  be  a  distance  OP  from  the  conmion  latitude  of  A,  and  B„  and 
its  longitude  will  be  a  distance  A^  O  from  A,  and  Bj  Ofrom  B,.  Lot  F.  and  F,  repre- 
sent t£e  longitude  factors  from  Table  47  for  tbe  Sumner  tines  A,  A,  and  Bj  B„ 
reepecUvely.  Then,  since  F,  is  the  difference  of  loi^tude  corresponding  to  a  change 
of  1'  of  latitude  aloi^  the  line  A^  A^,  the  difference  of  longitude  A^  O  must  be  equal 
to  F,  multiplied  into  the  number  of  minutes  of  latitude  in  uie  length  OP.    Therefore, 


•nd  likewise 


A,0-OPxF„ 
B,0-OPxP,; 


■nd,  since  the  known  difference  of  longitude  between  the  points  A,  and  B,  is  com- 
posed of  the  sum  of  A,  O  and  B^  O  in  Case  I,  and  the  difference  of  A,  O  and  B^  O  in 
Cssell,  we  have 

A,0  +  B,O-=A,B,-0PxF,+0PxF,".0P  (F,  +  F,),  in  Case  I,  and 
A,  0-B,  0-A,  B,-OPxF,-OPxF,-.OP  (F,-F,),  in  Case  II. 

From  which,  placing  the  known  quantities  on  the  right-hand  side  of  the  equations, 
thus: 

OP-p'_^_p'  ,  in  Case  I,  and 
OP-pi_^  ,  in  Case  II. 

Hence,  we  obtain  the  difference  of  latitude  from  the  common  parallel  of  A,  and  B, 
to  the  point  of  intersection  by  dividing  the  known  difference  of  longitude  between 
the  points  A,  and  B,  by  the  sum  of  the  longitude  factors  of  the  respective  Sumner 
Hues  in  Case  I,  and  by  their  difference  in  Case  II. 

Having  determined  OP  and  hence  the  latitude  of  the  point  of  intersection  of 


the  Somner  line,  we  proceed  to  multiph^  OP  by  F,  to  get  the  difference  of  longitude 
■AiO,  and  apply  that  difference  to  the  known  "longitude  of  A,  to  find  the  longitude 
of  the  point  of  intersection  P;  and  also,  as  a  check,  to  multiply  OP  by  F,  to  get  the 
difference  of  longitude  BiO,  which,  being  applied  to  the  longitude  of  B,,  gives  again 
the  loneitade  of  the  point  of  inteisection,  P.  /->  i 
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The  following  is  a  su£ainar7  of  the  Buccessive  Btepe  to  be  taken  in  foUowing  this 
method: 

1.  Make  a  rough  sketch  of  the  Sumner  linee  whose  intersection  is  to  be  fixed  in 
latitude  and  longitude,  classiMng  them  under  Case  I  or  Case  II. 

2.  Take  from  Table  47  Uie  longitude  factors  F,  and  F„  respectively',  for  Ha 
Sumner  lines. 

3.  If  the  given  coordinates  of  the  points  on  the  two  lines  have  not  a  common 
latitude,  reduce  them  to  a  common  latitude  by  multiplying  the  difference  between 
the  latitudes  of  the  points  on  the  two  lines  by  the  longitude  factor  of  one  of  the 
lines  and  applying  the  product  to  the  longitude  of  the  point  on  that  line.  The 
sketch  will  show  miether  tiie  difference  of  longitude  is  to  be  added  or  subtfacted,  and 
the  result  will  be  the  longitude  of  a  point  of  this  line  on  the  common  parallel  of 
latitude. 

4.  The  difference  between  the  longitudes  of  the  points  of  the  two  Sumner  line^ 
on  the  common  parallel,  divided  by  the  sum  of  the  longitude  factors  (Fj  +  F,),  wiU 
give  the  difference  of  latitude  between  the  point  of  intersection  and  the  common 

EarallQl,  when  the  lines  are  classified  under  Case  I;  and  the  difference  between  the 
■ngitudes  of  the  points  of  the  two  Sumner  lines,  on  the  common  parallel,  divided  by  tiut 
difference  of  the  longitude  factors  (F,  —  F,),  will  give  the  difference  of  latitude  between 
the  point  of  intersection  and  the  common  parallel,  when  the  lines  are  ctassified  under 
Casell. 

The  sketch  will  show  whether  the  intersection  of  the  Sumner  tines  ties  to  the 
northward  or  southward  of  the  common  parallel,  and  hence  whether  the  difference 
of  latitude  is  to  be  added  to  or  subtracted  from  the  latitude  of  the  common  parallel. 

5.  Having  found  the  difference  of  latitude  between  the  point  of  intersection  of 
the  Sumner  lines  and  the  common  parcel,  multiply  this  difference  by  the  longitude 
factor  of  each  line  and  apply  theproducts  each  to  the  longitude  of  its  corresponding 
line  on  the  common  parallel.  The  products  are  applied  in  opposite  directions  in 
Case  I,  and  both  of  them  must  lead  to  the  same  longitude  for  the  point  of  intersection ; 
and  the  products  are  applied  in  the  same  direction  in  Case  IL  and  in  this  cose  also 
both  of  them  must  lead  to  the  same  longitude  for  the  point  of  intersection. 

Ezamplb:  Find  theintenectioDoftheSumnerlinefldefiDed  below  bjrthebtttodeandlongttiidflal 
a  aingle  point  on  Mcb  ftod  by  the  iMpectivouimuthB  of  the  celestiftl  bodies  upon  which  the  tines  d^>ead. 

^  ills'*  31' W  }^'>™<il^>*t  right  angles  to  line,  N.  Sl^E. 

b/j^o  83' BW  l^^iii^atb,  at  rigiht  angles  to  line,  N.  72*  W. 

Fiom  Table  47: 

U 

L< 

Reduce  the  raven  points  to  a  common  parallel  of  latitnde  bv  tranrfsniog 
the  point  on  line  B  to  the  latitude  of  the  point  on  line  A, 

{25"  W  3.-26"  26'  S.)XP,-16'X0.Se-  f/A  W. 


^{lW°  a^QW  JA^unw*.  "'"gh'^nglMtoline,  N.  72' W. 


7'.9— DiS.  Long,  on  common  parallel. 

7  0  7  9         7  9 

F  -l-F  "  90+  3a™r5a~^'^  ^*^'  '^^'  '**'™®''  intemection  and  common  parallel. 
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Ciareeldona  in  longitode: 


m'L. 


IntetBectJon     115    Stt.^W.  116    S6  .MW. 

ExAKFLS:  Find  ihe  uit«rMction  of  the  Stuniier  linos  defined  below: 

Aamuth,  at  right  uglee  to  Une,  N.  81°  W. 
26    8  W  f    Azimuth,  at  right  angles  to  line,  N.  31°  W. 


A  sketch  of  the  linee  ahowB  their  classificatioii  to  be  under  Case  II. 


Prom  Table  47: 


DiS.  Long,  on  common  parallel—G"  2y  .8—6°  24^  .6—1'  .0. 
'>0.420— Diff.  Lat.  between  intenec- 


f^^i     a67-a24    2.33 
lion  and  common  parallel. 


Correcdons  in  longitude: 


Intenection      6    24 .7  W.  &  24  .7  W.  49    SO  .4   N. 

378.  If  the  two  geographical  poeitions  defining  two  Sumner  lines  have  a 
common  longitude  inst^d  of  a  common  latitude,  as  represented  in  figures  60  and  61, 
their  intersection  may  be  found  by  means  of  the  latitude  factors 
tabulated  in  Table  48,  in  a  manner  similar  to  the  use  of  the  lon- 
gitude factors  in  connection  with  the  Sumner  lines  whose  known 
points  have  a  common  latitude.  The  latitude  factors  vary  with 
the  latitude  of  the  obseirer  and  the  celestial  body's  azimuth  at 
right  anelee  to  the  direction  of  the  line,  and  express  the  change  in 
latitude  due  to  a  change  of  1'  in  longitude  along  any  given  Sumner 
line.  So  that  the  difference  of  longitude  between  any  two  points 
of  a  Une  being  multiplied  by  the  latitude 
factor  will  give  the  difference  of  latitude  be- 
tween those  points. 

The  latitude  factors  of  two  Sumner  lines 
whose  intersection  is  to  be  found  are  usually 
denoted  by  the  letters  f,  and  f,,  and  the 
successive  steps  to  be  taken  in  findmg  the  in- 
ns, n.  tersection  are  here  summarized: 

1.  Make  a  rou^h,  sketch  of  the  Sumner 
Sues  whose  intersection  is  to  be  fixed  m  latitude  and  longitude, 
citssifying  them  under  Case  I  or  Case  II. 

2.  T^e  from  Table  48  the  latitude  factors  f,  and  f„ 
respectively,  for  the  Sumner  lines. 

3.  The  difference  between  the  latitudes  of  the  points  of 
the  two  Sumner  lines,  in  the  common  lonptude,  divided  by 
the  snm  of  the  latitude  factors  (fi  +f,),  will  give  the  difference 
of  longitude  between  the  point  of  intersection  and  the  common  meridian  when  the 
Unes  are  clasafied  under  Case  I ;  and  the  difference  between  the  latitudes  of  the 
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points  of  the  two  Sumner  Unea,  in  the  common  lon^tude,  divided  bythe  difference 
of  the  latitude  factors  (f,  — f,),  will  give  the  difference  of  longitude  between  the  point 
of  intersection  and  the  common  meridian  when  the  lines  are  classified  under  Case  II. 

The  sketch  will  show  whether  the  intersection  of  the  Sumner  lines  lies  to  the 
eastward  or  westward  of  the  common  meridian,  and  hence  whether  the  diffcovoce  of 
longitude  is  to  be  added  to  or  subtracted  from  the  common  longitude. 

4.  Having  found  the  difference  of  longitude  between  the  point  of  intersection 
of  the  Sumner  lines  and  the  common  longitude,  multiply  tms  difference  by  the 
latitude  factor  of  each  line  and  apply  the  products  each  to  the  latitude  of  its  coire- 
sponding  line  on  the  common  meridian.  The  products  are  applied  in  opposite 
<Urections  in  Case  I,  and  both  of  them  must  lead  to  the  same  latitude  for  the  pomt  of 
intersection;  and  the  products  are  applied  in  the  same  direction  in  Case  II,  and  in 
this  caae  also  both  of  them  must  load  to  the  same  latitude  for  the  point  of  intersection. 

Exahplb:  Find  the  interaedfion  of  the  Sumner  Imes  defined  below: 


./«"  13'  .66  N.1 

*i7i   14  .saw.i 

"\71    14  .86  W.J 


Aiimuth,  at  right  anglea  to  line,  N.  67°.  6  W. 
Azimuth,  at  right  angtea  to  line,  N.  77°  W. 

A  sketch  of  the  lines  shows  theii  classification  to  be  under  Case  II. 
Ftom  Table  48: 

Difi.  Lat.  on  common  meridian— T'.  15. 
7. 16         7. 15  7. 16 


CoTTectiona  in  latitude: 


— ~3'.  42    Din.  Long,  between  intersection  and  common  Doeridiao. 


40°  or.  40  N.  Long,  on 
U  .  33  N.      lidian 


40°  17'.  75  S. 


Dilt.  Long. 


879.  When  a  Sumner  line  is  defined  by  the  latitudes  and  longitudes  of  two  of 
its  points,  the  longitude  factor  for  the  line  may  be  found  by  dividing  the  difference 
between  the  longitudes  of  the  two  givpn  pomts  by  the  difference  between  their 
latitudes;  and  the  latitude  factor,  being  the  reciprocal  of  the  longitude  factor,  may 
be  found  by  dividing  the  difference  between  tlie  latitudes  of  tlie  two  given  points  by 
their  difference  of  longitude. 

The  method  of  finding  the  intersection  of  Sumner  lines  t^  lon^tude  and  lati- 
tude factors,  described  in  articles  377  and  378,  may^  therefore,  be  applied  as  well 
when  the  lines  are  defined  by  pairs  of  geographical  positions  as  when  they  are  defined 
by  the  azimuth  and  one  geographical  position. 

880.  The  modification  of  the  meuiods  for  finding  the  intersection  of  two  Sumner 
lines,  where  there  is  a  run  between  the  observations  from  which  they  are  deduced, 
vrill  be  readily  apparent.  It  is  known  that  at  the  time  of  taking  a  sight  the  vessel 
is  at  one  of  the  pomts  of  the  Sumner  line,  but  which  of  the  various  points  represents 
her  precise  position  must  remain  in  doubt  until  further  data  are  acquired.  Suppose, 
now,  that  alter  an  observation,  the  vessel  sails  a  piven  distance  in  a  given  direction; 
it  is  clear  that  while  her  exact  position  is  still  undetermined  it  must  be  at  one  of  the 
series  of  points  comprised  in  a  line  parallel  to  the  Sumner  line  and  at  a  distance  and 
direction  therefrom  corresponding  to  the  course  and  distance  made  good;  hence,  if 
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a  second  sight  is  t^en  taken,  the  position  of  the  vessel  may  be  found  from  Ute  inter- 
section of  two  linea — one,  the  Sumner  line  given  bj  the  second  obaervation,  and  the 
other  a  line  parallel  to  the  first  Sumner  line  but  removed  from  it  by  the  amount  of 
t^e  intervening  run. 

Positions  may  be  brought  forward  graphically  on  a  chart  by  taking  the  course 
frran  the  compass  roBe  with  parallel  rulers,  and  the  distance  by  scale  with  dividers. 
S  one  of  the  methods  by  computation  be  adopted,  the  point  or  points  of  the  first 
Ibie  are  brought  forward  by  the  traverse  tables,  using  middle  latitude  sailing,  llie 
direction  of  a  Sumner  line  as  determined  from  the  azimuth  of  the  bodv  always 
remains  the  same,  whatever  shift  may  be  made  in  the  position  of  the  point  t>y  iriiich 
the  hne  is  further  defined. 

EzAXPLX :  Tskiiw  the  Somner  Unea,  which  ve  defined  in  the  fint  example  under  article  377,  bf  the 
latitude  and  lonnituae  of  a  point  of  each  and  by  the  respective  azimuthB  of  the  celeetial  bodies  upon 
vbich  the  linee  depend,  u  folIoWB: 

A.L^°  sT     W  }^>°>u*l>'  '■^  i^^  angles  to  tine,  N.  61"  E. 


ud  rapponng  the  venel  from  which  the  oboervations  were  taken  that  gave  these  lines  to  have  ran 
M.  &4"  E.  (true)  35  miles  in  the  interval  between  the  td^tB,  find  the  position  of  the  veeeel  at  the  time  of 
the  lecond  sight. 

The  point  A,in  26"' ^K  S.  and  116°  31' W.,  is  fiiBt  tmnrferred  to  the  pdnt  A',  S6  miles  N.  64"  E.{tnw) 
fnm  A,  by  the  method  of  Middle  Latitude  Sailing  (article  177)  by  means  of  the  Traverse  Tables,  thus: 

FtaD'IU>le2,c<nin»N.64»E.;  Dist,  36  miles;  we  find  DiC.Xat.  20.6  N.,Dep.2S.3£.    Therefore, 


UtA 
DiELat. 

25»  «y     8. 
20  .SN. 

25    19  .4  S. 

I*t.  A            260  4^     8 
Ut.  A'           26    19  .4  S 

Lat.A' 

2)50    69  .4 
Middle  Lat.    25    29  .7 

Fnm  Table  2,  Ifiddle  Lat.  (course),  Z&i",  Dep.  (Lat.),  2S.3  E.,  we  find  DiK.  Long.  (Dist.),  S1.3  E. 
Ibercfen, 

Longitude  A,     116°  31'     W. 
DiffTLong.  31  .3  E. 


Longitude  A',    114    69  .7  W. 
The  Sumner  lines  whose  intersection  is  to  be  found  are  therefore  defined  as  follows: 

■*-'(ll4°  59'  7  W  l^iimuth,  at  right  angles  to  the  line,  N.  61°  E. 
B  L^"  ^  5  w  }''^^ii^)i^>  *^  "e^t  an^es  to  the  line,  H.  72°  W. 
Fhan  Table  47: 


Reduce  the  ^ven  polnte  to  a  common  parallel  of  latitude  by  transferring  the  point  o: 
latitude  of  the  point  on  line  A', 

(25°  19'.4  8.-25°  25'  8.)XP,- 

116    31 .6  W. 
D  the  line  B  at  whfch  the  latitude  is  the  same  as  the  latitude  (^  the  point 
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WenowhSivetwoSiiiiuiarliiiM,  A'andB',  underOMel,  wb(iaecoDimonUtitiideu2E°l&'.4S.,uidwhaae 
loDgitudes  on  the  common  pandlel  are  114°  W.l  and  115°  Sl'.S.  Hence,  the  difiecence  of  longitude  on 
the  common  parallel  is 

lis"  31'.6W. 

114"  hV.7  W. 

31  .8— Diff.  Long,  on  common  pantUel. 

31 S  81 S         31 8 

FT^F^O  to-Mt  A^'^i~ifi^^'^™^^'  ^*'  '^^^^^^  interaection  and  common  parallel. 

Corrections  in  longitude: 


IntenectioD  116   22 .4  W. 
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CHAPTER  XVI. 
THE  PBAOTIOE  OF  NAVIGATION  AT  SEA. 


381.  Having  eet  forth  in  previous  chapters  the  methods  of  working  dead 
reckoning  and  of  solving  problems  to  find  the  latitude^  longitude,  chronometer 
correction,  and  azimuth  from  astronomical  observations,  it  will  be  the  aim  of  the 
present  chapter  to  describe  the  conditions  which  govern  the  choice  and  employment 
of  the  various  problems,  together  with  certain  considerations  by  which  the  navigator 
may  be  guided  in  his  practical  work  at  sea. 

382.  DepABTUSB  and  Dead  Rbceonxno. — On  b^inning  a  voyage,  a  good 
departUTB  must  be  taken  wMe  landmarks  are  still  in  view  and  favorably  located  for 
the  purpose;  this  becomes  the  origin  of  the  dead  reckoning,  which,  with  frequent 
new  departures  from  positions  by  observation,  is  kept  up  to  the  completion  of  the 
voyage,  thus  enabliDg  the  mariner  to  know,  With  a  fair  degree  of  accuracy,  the  posi- 
tion of  his  vessel  at  any  instant. 

At  the  moment  of  taking  the  departure,  the  reading  of  the  patent  log  (which 
should  have  been  put  over  at  least  long  enough  previous^  to  be  repilarly  ranning) 
must  be  recorded,  end  thereafter  at  the  time  of  taking  each  sight  ana  at  every  other 
time  when  a  position  is  required  for  any  purpose,  the  log  reading  must  also  be  noted. 
It  is  likewise  well  to  read  the  log  each  hour^  for  general  information  as  to  the  speed 
of  the  vessel  as  well  as  to  observe  that  it  is  in  proper  running  order  and  that  the 
rotator  has  not  been  fouled  by  seaweed  or  by  refuse  thrown  overboard  from  the  ship. 
It  is  a  good  plan  to  record  the  time  by  ship's  clock  on  each  occasion  that  the  log  is 
read,  as  a  supplementary  means  of  arriving  at  the  distance  will  thus  be  available  in 
case  of  doubt.  If  a  vessel  does  not  use  the  patent  lo^  but  estimates  her  speed  by 
the  number  of  revolutions  of  the  engines  or  the  indications  of  the  chip  log,  the 
noting  of  the  time  becomes  essential,  A  good  wght  is  of  no  value  unless  one  knows 
the  point  in  the  ship's  run  at  which  it  was  taken,  so  that  the  position  it  gave  may  be 
brought  forward  with  accuracy  to  any  later  time. 

883.  General  Descbiftion  or  the  Day's  Wobk. — ^The  routine  of  a  day's 
work  at  sea  consists  in  working  the  dead  reckoning,  an  a.  m.  time  sight  and  azimuth 
taken  when  the  sun  is  la  its  most  favorable  position  for  the  purpose,  a  meridian  alti- 
tnde  of  the  sun  ^or,  when  clouds  interfere  at  noon,  a  sight  for  latitude  as  near  the 
merii^an  as  possible),  and  a  p.  m.  time  sight  and  azimuth.  This  represents  the 
minimum  of  work,  and  it  may  be  amplified  as  circumstances  render  expedient;  but 
no  part  of  it  should  ever  be  omitted  unless  cloudy  weather  renders  its  performance 
impossible. 

364.  MoBNiNQ  Sights. — ^The  morning  time  sight  and  azimuth  should  be 
observed,  if  possible,  when  the  sun  is  on  the  prime  vertical.  As  the  body  bears 
east  at  that  tune,  the  resulting  Sumner  line  is  due  north  and  south,  and  the  longitude 
win  thus  be  obtained  without  an  accurate  knowledge  of  the  latitude.  Another 
reason  for  so  choosing  the  time  is  that  near  this  point  of  the  sun's  apparent  path 
the  body  is  changing  most  slowly  in  azimuth,  and  an  error  in  noting  the  time  will 
have  the  minimum  effect  in  its  computed  bearing.  The  time  when  the  sun  will  be 
on  the  prime  vertical — that  is,  when  its  azimuth  is  90° — may  be  found  from  the 
uimuth  tables  or  the  azimuth  diagram.  Speaking  generally,  during  half  the  year 
the  sua  does  not  rise  until  after  having  crossed  the  prime  vertical,  and  is  therefore 
never  risible  on  a  bearing  of  east.  In  this  case  it  is  oest  to  take  the  observation  as 
Boon  as  it  has  risen  above  the  altitude  of  uncertun  atmospheric  effects — ^between  10° 
and  15°. 

A  series  of  several  altitudes  should  be  taken,  partly  because  the  mean  is  more 
accurate  than  a  sin^e  sight,  and  partly  because  an  error  in  the  reading  of  the  watch 
ff  sextant  may  easily  occur  when  there  is  no  repetition.  If  the  sextant  is  set  in 
advance  of  the  altitude  on  even  five  or  ten  minute  divisions  of  the  arc,  and  the  time 
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marked  at  contacted  the  method  will  be  found  to  possess  various  advantagee.  As 
the  Biebt  is  being  taken  the  patent  log  should  be  read  and  ship's  time  recoraed.  It 
is  welL  too,  to  make  a  practice  of  noting  the  index  correction  of  the  sextant  each  tim« 
that  the  sextant  is  used.  The  bearing  of  the  sun  by  compass  should  immediately 
afterward  be  observed,  and  the  heading  by  compass  noted,  as  also  the  time  (by  the 
same  watch  as  was  used  for  the  sight). 

Before  working  out  the  sight,  the  dead  reckoning  is  brought  up  to  the  time  of 
observation,  and  the  latitude  uius  found  used  as  the  approximate  latitude  at  si^t. 
It  is  strongly  recommended  that  every  sight  he  worked  for  a  SumTier  line,  either  by 
assuming  two  latitudes,  or  bv  using  one  latitude  and  the  azimuth,  or  yet  more 
advantageously  by  the  method  of  Samt  Hilaire. 

The  compass  error  is  next  obtained.  From  the  time  sight  the  navigator  learns 
that  his  watch  is  a  certfun  amount  fast  or  slow  of  L.  A.  T.,  and  he  need  only  apply 
this  correction  to  the  watch  time  of  azimuth  to  obtain  the  L.  A.  T.  at  which  it  was 
observed;  then  he  ascertains  the  sun's  true  bearing  from  the  azimuth  tables  or 
azimuth  diagram,  compares  it  with  the  compass  bearing,  and  obtains  the  compass 
error;  he  should  subtract  the  variation  by  chart  and  note  if  the  remainder,  the  devia^ 
tion,  agrees  with  that  given  in  his  deviation  table;  but  in  working  the  next  dead 
reckoning,  if  the  ship's  course  does  not  change,  the  total  compass  error  thus  found 
may  be  used  without  separating  it  into  its  component  parts.  It  should  be  increased 
or  decreased,  however,  as  the  ship  proceeds,  by  the  amount  of  any  ekange  of  the 
variation  that  the  chart  may  show. 

885.  If  there  is  any  fear  of  the  weather  being  cloudy  at  noon,  the  navigator 
should  take  the  precaution,  when  the  sun  has  changed  about  30°  in  azimuth,  to  observe 
a  second  altitude  and  to  record  the  appropriate  data  for  another  sight,  tiiough  this 
need  not  actually  be  worked  unless  the  mendian  observation  is  lost.  If  it  is  reqnired 
it  may  be  worked  for  either  a  time  sight  or  <f>'  A"  sight,  or  by  the  Saint  Hilaire 
method,  according  to  circumstances,  and  a  second  Sumner  line  thus  obtained^  whose 
intersection  with  earlier  Sumner  line,  brought  forward  for  the  run  in  the  mterval 
between  the  sights,  will  give  the  ship  s  position. 

386.  Noon  Sights. — Between  11  and  11.30  o'clock  (allowing  for  gain  or  loss 
of  time  due  to  the  day^s  run)  the  ship's  clocks  should  be  set  for  the  L.  A.  T.  of  the 
prospective  noon  position.  The  noon  longitude  m&j  be  closely  estimated  from  the 
morning  sight  and  the  probable  run.  The  navigator  should  also  set  his  own  watch  for 
that  time,  to  the  nearest  minute,  and  note  exactly  the  number  of  seconds  that  it  Is 
in  error.  He  may  now  compute  the  constant  (art.  325,  Chap.  XII)  for  the  meridian 
altitude.  The  daily  winding  of  the  chronometer  is  a  most  important  feature  of  the 
day's  routine,  and  may  well  oe  performed  at  this  hour.  At  a  convenient  time  before 
noon,  the  observations  for  meridian  altitude  are  commenced  and  continued  until  the 
watch  shows  L.  A.  noon,  at  which  time  the  meridian  altitude  is  measured  and  the 
latitude  deduced. 

If  the  weather  is  cloudy  and  there  is  doubt  of  the  sun  being  visible  on  the  meridian 
an  altitude  may  be  taken  at  any  time  within  a  few  minutes  of  noon,  the  time  noted, 
and  the  interval  from  L.  A.  noon  found  from  the  known  error  of  the  watch.  It  is 
then  the  work  of  less  than  a  minute  to  take  out  the  a  from  Table  26,  the  of  from 
Table  27,  and  apply  the  reduction  to  the  observed  altitude  to  obtain  the  meridiaji 
altitude.  Indeed,  the  method  is  so  simple  that  it  may  be  practiced  every  day  and 
several  values  of  the  meridian  altitude  thus  obtained,  instead  of  only  one. 

387.  It  now  becomes  necessaiy  to  find  the  longitude  at  noon.  This  may  be 
done  graphically  by  a  chart  or  by  computation.  The  former  plan  needs  no  explana- 
tion. There  are  a  number  of  variations  in  the  methods  of  computation,  one  of  which 
will  be  given  as  a  type. 

By  the  ship's  run,  work  back  the  noon  latitude  to  the  latitude  at  a.  m.  time  sight. 
If  the  Sumner  fine  was  found  from  two  assumed  latitudes  which  differed  +m  minutes, 
while  the  corresponding  longitudes  differed  ±  n  minutes,  then  1 '  difference  of  latitude 

cause9±— minutes  difference  of  longitude.  If  the  true  latitude  st  sight  is±x  min- 
utes from  one  of  the  assumed  latitudes,  then  ±  x  X  —  is  the  corresponding  difference  of 

longitude.  If  the  Sumner  line  was  found  from  one  assumed  latitude  and  an  azimuth, 
Z,  Ute  longitude  factor  of  the  line  may  be  found  from  Table  47;  and  this  multiplied 


THE  PBAOTICb   OP  NATIQATIOK  AT  8BA.  171 

by  the  difference  between  the  true  and  assumed  latitude  will  give  the  correction  to 
be  applied  to  the  computed  longitude  corresponding  to  the  assumed  latitude. 
HftTing  thus  the  longituae  at  sight,  the  longitude  at  noon  is  worked  forward  for  the 
run.  If  the  sights  show  a  considerable  current  it  should  be  allowed  for,  both  in 
working  back  the  latitude  and  in  bringing  up  the  longitude  for  the  run  between  the 
si^t  and  noon. 

Ezavplb:  SuppoM  that  an  a.  m.  time  fdglit,  taken  wlien  the  eun'a  azimuth  waa  S.  39°  48'  E.,  has 
pven  a  longitude  of  30°  31'  W.  when  wived  with  a  dead-reckoning  latitude  of  50°  64'  N.  Suppoee  Uiat 
when  the  noon  latitude  ia  worked  back  to  the  time  ot  the  a.  m.  Buht,  by  meana  of  the  veeaeVo  run,  the 
tme  latitude  at  that  time  waa  found  to  be  60°  BS'  N.  The  lonsituoe  wu  thue  computed  with  a  latitude 
d«t  was  4'  too  much  to  tJie  aouthward.  Find  the  cocTeepon<ung  error  in  longituae,  and  the  tongitude 
It  the  time  <rf  mght. 

From  Table  47,  the  longitade  factor  of  the  Sumnw  line  punng  through  the  geographical  poeilion 
whMe  latitude  ie  50°  54'  N.  and  whose  longitude  ia  30°  31'  W.,  at  right  angles  to  the  bearing  S.  39°  48'  E. 
ii  1.91.  The  computed  longitude  is  therefore  wrong  by  4X1.91=7'. 6;  and  according  to  the  rule  laia 
dDTn  in  connection  willi  the  Explanation  of  Table  47,  the  correction  in  longitude  muat,  in  this  case, 
be  applied  to  tlie  eaBtward. 


- 30°    81'   W. 

nocthwaid 7.6   E. 


Longitade  computed  with  D.  R,  Lat,  50°  64' N 

OMTection  in  long,  due  to  change  of  4'  in  latitude  to  the 

True  longitude  at  the  time  of  ^Iit 30°  23. 4  W. 

888.  CuBKENT  AND  HtJN.— The  current  may  be  found  by  comparing  the  noon 
positions  aa  obtained  b^  observation  and  by  dead  reckoning,'  and  the  day's  run  is 
calculated  from  the  dinerence  between  the  day's  noon  position  by  obserration  and 
that  of  the  preceding  day.  To  "current"  is  usually  attributea  all  discrepancies 
between  the  dead  reckonmg  and  observations;  but  it  is  evident  that  this  is  not 
entirely  due  to  motion  of  the  watos,  as  it  includes  errors  due  to  faulty  stearingi 
improper  allowance  for  the  compass  error,  and  inaccurate  estimate  of  the  veestfa 
speed  through  the  water. 

The  noon  position  by  observation  becomes  the  departure  for  the  dead  reckoning 
that  follows. 

389.  AxTBBNooN  SieHTs. — The  p.  m.  time  sight  and  azimuth  is  similar  to  the 
morning  observation. 

390.  SCMNEB  Ijnxs. — By  perfc^ming  the  work  that  has  just  been  described  a 
good  position  is  obtained  at  noon  each  day,  which,  in  a  slow-moving  vessel  with 
plmty  c^ses  room,  may  be  considered  sufEcient;  but  conditions  are  such  at  times  as 
to  render  it  almost  imperatively  necessary  that  a  more  frequent  determination  of  the 
latitude  and  longitude  be  made.  If  the  vessel  is  near  the  land  or  in  the  vicinity  of 
oS-lymg  dangers,  if  she  is  running  a  great  circle  course  requiring  frequent  changes, 
if  she  is  makmg  deep-sea  soundings,  u  she  has  just  come  through  a  period  of  foggy 
or  cloudy  weather,  or  if  the  indications  are  that  she  is  about  to  enter  upon  such  a 
poiod,  or  if  she  is  running  at  high  speed,  it  is  obviously  inexpedient  to  await  the 
coming  of  the  next  noon  mr  a  fix.  'The  responsibilities  resting  upon  the  navigator 
nquire  that  he  shall  earlier  find  his  ship's  position:  and,  generally  speaking,  the 
greater  the  speed  made  by  the  vessel  the  more  absolute  is  this  requirement. 

The  key  to  all  such  determinations  will  lie  in  the  Sumner  line,  and  a  clear  under- 
Btanding  oi  the  properties  of  such  a  line  will  greatly  facilitate  the  solutions.  The 
Quriner  must  keep  m  mind  two  facts:  First,  that  a  single  observation  of  a  heavenly 
body  can  never,  by  itself,  give  the  poijU  occupied  by  an  observer  on  the  earth  s 
Buriace;  and  second,  that  whenever  any  celestial  body  is  visible,  together  with 
enough  of  the  horizon  to  permit  the  measuring  of  its  altitude,  an  oMerver  may 
thsehy  determine  a  line  which  passes  through  his  own  position  on  the  earth's  surface 
in  a  direction  at  right  angles  to  the  bearing  of  the  body. 

It  may  readily  be  seen  that  if  two  Sumner  lines  are  determined  the  observer's 
position  must  be  at  their  intersection,  and  that  that  intersection  will  be  most  clearly 
marked  when  the  angle  between  the  linee  equals  90°;  hence,  if  two  heavenly  bodies 
are  in  sight  at  the  same  time  the  position  may  be  found  from  the  intersection  of  their 
Sunmerlinee,  the  angle  of  intersection  being  equal  to  the  horizontal  angle  between 
the  bodies.  If  only  one  body  is  in  sight,  as  is  generally  the  case  when  the  sun  ia 
Ehining  one  line  of  position  may  be  gotten  from  an  altitude  taken  at  one  time,  and  a 
wcond  line  from  another  altitude  taken  when  it  has  changed  some  30°  in  azimuth — 
nsuaHy,  a  couple  of  hours  later.  Bringing  forward  the  mst  line  for  the  intervening^ 
tun,  tne  intersection  may  be  found.  '^'^ 
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TTith  tixe  general  principles  of  the  Sumner  line  clearly  before  liim,  the  navigator 
frill  find  no  d^culty  m  making  the  choice  of  available  bodiee.  If  about  to  Utke  t 
star  aight,  and  sk^  and  horizon  are  equally  good  in  all  quarters,  two  bodies  shotiH 
be  taken  whose  azimuths  differ  as  nearly  as  possible  by  90  .  If  one  body  can  be  ti^en 
on  or  near  the  meridian,  its  bearine  bein^  practically  north  or  south,  the  resulting 
Sumner  line  will  be  east  and  west — that  is,  it  may  be  said  that  whatever  the  lon^tude 
(within  its  known  lifoits)  the  latitude  will  be  the  same;  the  otiier  ^ht  may  then 
beworkedasatimedgbtwith  this  sin^e  latitude,  and  time  will  thus  be  saved.  The 
same  is  true  if  Polaris  is  observed,  and  it  is  a  very  convenient  practice  to  take  an 
altitude  of  that  star  at  dawn  and  obtain  a  latitude  for  working  tne  a.  m.  time  sight 
of  the  sun.  A  similar  case  arises  when  a  body  is  observed  on  the  prime  vertical, 
its  Sumner  line  then  nms  north  and  south  and  coincides  with  a  meridian;  if  the  other 
body  is  favorably  located  tor  a  g>'  ^  sight,  it  may  be  worked  with  a  sii^e  longitude 
and  the  latitude  thus  found  directly. 

If  it  is  not  possible  to  obtain  two  lines  and  thus  exactly  locate  the  ship,  the 
indications  of  a  single  line  may  be  of  great  value  to  the  navigator.  A  Sumner  line 
and  a  terrestrial  bearing  will  give  the  ^p's  position  by  their  intersection  in  the  same 
manner  as  two  lines  of  position  or  two  bearings;  or  the  position  of  the  ship  on  a  line 
may  be  shown  with  more  or  less  accuracy  by  a  sounding  or  a  series  of  soundinss. 
If  the  body  be  observed  when  it  bears  in  a  direction  at  right  angles  to  the  trend  of  a 
neighboring  shore  line^  the  resulting  line  will  be  parallel  with  the  coast  and  thus 
show  the  mariner  his  distance  from  the  luid,  which  may  be  of  great  importance  even 
if  his  exact  position  on  the  line  remains  in  doubt.  If  the  bearing  be  parallel  to  the 
coastline,  then  the  Sumner  line  will  point  toward  shore;  the  value-of  aline  that  leads 
to  the  point  that  the  vessel  is  trying  to  pick  up  is  amply  demonstrated  by  the 
experience  of  Captain  Sumner  that  led  to  the  discovery  of  the  method.  (Art.  363, 
Oiap.XV.) 

For  especiaUy  accurate  work  three  Sumner  lines  may  be  taken,  varyin^in 
azimuth  about  120°;  if  they  do  not  intersect  in  a  point,  the  most  probable  positioa 
of  the  ship  is  at  the  center  of  the  triangle  that  they  form. 

If  two  jpaire  of  lines  be  determined,  each  pair  based  upon  observation  of  two 
bodies  beanng  in  nearly  opposite  directions  and  at  about  the  same  altitude,  the 
mean  position  that  reetuta  from  the  intersection  of  the  four  lines  will  be  as  nearly 
as  possible  free  from  those  errors  of  the  instrument^  of  refraction,  and  of  the  observer, 
whicji  can  not  otherwise  be  eliminated.  This  is  fully  explained  in  article  449, 
Chapter  XVII. 

S91.  Use  of  Stabs,  Planxts,  and  Moon. — It  may  be  judged  that  the 
employment  in  navigation  of  other  heavenly  bodies  than  the  sun  is  considered  of 
the  utmost  importance,  and  mariners  are  urged  to  familiarize  themaelves  with  the 
methods  by  which  observations  of  stars,  planets,  and  the  moon  may  be  utilized  to 
reveal  to  them  the  position  of  their  vessels  at  frequent  intervals  throughout  the 
twenty-four  hours. 

It  should  be  remembered,  however,  that  in  order  to  be  of  value  these  observations 
must  be  accurate;  and  to  measure  an  accurate  altitude  of  the  body  above  the  horizon 
it  is  required  not  only  that  the  body  be  visible  but  also  that  the  horizon  be  distinctly 
in  view.  Care  should  therefore  be  taken  to  make  the  observations,  if  possible,  at 
the  time  when  the  horizon  is  plainest — that  is,  during  morning  and  evening  twili^t. 
It  may  be  urgently  required  to  get  a  position  during  hours  of  darkness,  and  a  aim 
horizon  line  may  sometimes  be  seen  and  an  observation  taken,  using  the  star  telescope 
of  the  sextant;  if  the  moon  is  shining,  its  light  will  be  a  material  aid;  but  results 
obtained  from  such  sights  should  be  regarded  as  questionable  and  used  with  caution. 
Altitudes  measured,  however,  just  before  sunrise  and  just  after  sunset  are  open  to 
no  such  criticism;  a  fairly  well-practiced  observer  who  takes  a  series  of  sightsat 
such  a  time,  setting  the  sextant  for  equal  intervals  of  altitude,  will  find  the  r^ulanty 
of  the  corresponding  time  intervals  such  as  to  assure  him  of  accuracy. 

392.  Identification  of  Unknown  Bodies. — On  account  of  the  very  great 
value  to  be  derived  from  the  use  of  stars  and  planets  in  navigation,  it  is  strong 
recommended  that  all  navigators  famiharize  themselves  with  the  names  and  positions 
of  those  fixed  stars  whose  magnitude  renders  possible  their  employment  for  obsw^ 
vations,  and  also  with  the  general  characteristics — mt^utude  and  color — of  the 
three  planets  (Venus,  Jupiter,  and  Mars)  which  are  most  frequently  used.    A  study 
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of  the  different  portions  of  the  hearens,  vith  the  aid  of  any  of  the  numerous  charts 
and  books  vhicn  bear  upon  the  subject,  will  enable  the  navigator  to  recoenlze  the 
more  important  consteliationa  and  aingle  stars  by  their  situation  with  rdation  to 
e»ch  other  and  to  the  pole  and  the  equator. 

It  may  occur,  however,  that  occasion  will  arise  for  observing  a  body  whose  name 
is  not  known,  either  because  it  has  not  been  learned,  or  because  the  surrounding 
stars  by  which  it  is  nsually  identified  are  obscured  by  clouds  or  rendered  invisible 
by  moonUght  or  daylight.  In  such  a  case  the  observer  may  estimate  the  hour  angle 
ftnd  declination  (the  hour  angle  applied  to  local  sidereal  time  giving  the  ri^t 
ascension),  and  the  star  or  planet  may  thus  be  recognized  from  a  chart  or  from  an 
inspection  of  the  Nautical  Ahnanac.  This  rou^h  method  will  generally  suffice  when 
the  body  is  the  onl^  one  of  its  magnitude  withm  an  extensive  region  or  the  heavens; 
but  cases  often  anse  where  a  much  closer  approximation  is  necessary,  and  more 
exact  data  are  required  for  identification. 

S93.  U  in  doubt  as  to  the  name  of  the  body  at  the  time  of  taking  tbe  sight,  it 
dioold  be  made  an  invariable  rule  to  observe  its  bearing  by  compass,  whence  the 
tme  azimuth  ma^  be  approximately  deduced  hj  applying  the  compass  error. 

Star  Identification  Tables  givmg  eimultaneoua  Values  of  the  declination  and 
bonr  angle,  corresponding  to  the  values  of  the  latitude,  altitude,  and  azimuth  rai^ring 
from  0°  to  88°  in  latitude  and  altitude  and  from  0°  to  180°  in  azimuth,  are  publi^ed 
by  the  Eydrc^raphic  Office  for  tbe  convenience  of  navigators.  In  the  absence  of 
these  Star  Identmcation  Tables,  the  following  method  affords  a  means  of  identi- 
fication: 

sin  d— sin  L  sin  A  +  cosLcoaAcosZ     (1) 
sin  1  -  sin  Z  cos  h  sec  d  (2) 

Having  computed  tbe  value  of  d,  the  declination,  from  (1), noting  carefully  the 
sigaof  cosine  Z,  the  value  of  i,  the  hour  anele,  is  computed  from  (2).  In  the  catal<^eB 
and  lists  giving  the  names  and  magnitudes  of  the  stars,  they  are  tabulated  by  their 
declinations  and  right  ascensions  because  these  coordinates'  are  independent  of 
diurnal  rotation,  and,  this  being  so,  it  becomes  necessary,  on  finding  the  nour  angle 
from  (2),  to  convert  it  into  right  ascension;  and  then,  with  the  values  of  the  declina- 
tion and  light  ascension  thus  found,  to  scan  the  list  of  stars  and  find  the  name  of 
that  one  whose  catalogued  coordinates  best  ^ree  with  these  values.  Tbe  stars  that 
are  bright  enough  to  be  observed  with  nautical  instruments  are  so  far  apart  in  the 
fimiament  that  the  identification  will  be  complete  if  the  computation  be  but  roughly 
inade.  The  poambility  that  tbe  observed  botfy  may  be  a  planet  must  always  be  kept 
ia  mind  in  scanning  the  star  table  or  chart. 

Ezamplb:  AtBeft.FebruaTy26,1916,L.M.T.6b20Dip.m.  Weaflier  overcast  and  cloudy.  Observed 
th«  altitude  of  an  unknown  star  through  a  hntk  in  the  clouds  to  be  31"  W  (true),  beuinc  286"  (tnis). 
Whit  ia  the  name  of  the  star?    Ship's  position,  by  D.  B.,  latitude  36°  20'  N.,  longitude  60°W. 

L    S6»  20'    log  sb    ft  762    log  coe    9,  912 

A    SI"  30'     1(«  sin    9;  718    log  cos    9. 931    Ice  cos    9.  «31 

Z  285°  00'     Ic«Gos    9.413    logna    9L98ft 

A  0.302  log...    9.480 

B  0.180 kg...     9.266 

A+B -0.302 +  0.180- 0-4S2 -oat  sin(f.-.(f- 28°  49'...     logBecia067 

(-H.  A.— 70''-4h  40m Icgsin    9.973 

Then  converting  the  hour  angle  into  right  ascenai(«k,  aafoUows: 

L.  M.  T.  6»  20- 

B.  A.  H.  S.  22    20 

con.  for  G.  M.  T.  +2 

L.  8.  T.  4    42 

H.A.  4   40 

R.A.  0   02 


TIm  ri^t  ascension  and  declination  of  the  unknown  star,  as  ve  have  now  approximfttely  found  them, 
an  ff"  02"  and  88°  4S'  N.,  reopectively.  The  star  is,  *>>■""*"-"  -  *  -j~™.~i~.  wk..^  ,.i..,i.t,^  ^....ji 
natee  are  ti^t  asceiision  0^  0^  02*  and  declination  2 


therefore,  a  Andnnaedfe,  whom  tabulated  coordi- 
28°37'86''N. 
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894.  Valux  of  the  Moon  in  Obsbbtations. — Next  to  the  buu,  Uie  most  con- 
spicuous body  in  the  heavens  is  the  moon,  and  it  may  therefore  frequently  be 
employed  by  the  mariner  with  advantage.  Owing  to  its  neamees  to  tha  earth  and 
the  rapidity  with  which  it  changes  right  aecension  and  decUnatioa,  the  various  cor- 
rections entailed  render  observations  of  this  body  somewhat  longer  to  work  out, 
with  consequent  increased  chances  of  error;  and  errors  in  certain  parte  of  the  work 
will  have  more  serious  resulte  than  with  other  bodies;  the  navigator  will  therefore 
usually  pass  the  moon  by  if  a  choice  of  celestial  bodies  is  offered  lor  a  determination 
of  position:  but  so  many  occasions  present  themselves  when  there  is  no  available 
Buratitute  lor  the  moon  that  the  extra  time  and  care  neceeaary  to  devote  to  it  are 
well  repaid.  During  hours  of  daylight  it  is  often  clearly  visible,  and  its  line  of 
position  may  cut  with  that  of  the  sun  at  a  favorable  angle,  giving  a  good  fix  from 
two  observations  taken  at  the  same  time,  when  the  on^  otner  method  of  finding 
the  position  would  be  to  take  two  sights  of  the  sun  separated  by  a  time  into^al  in 
wl^ch  an  imperfect  allowance  for  the  true  run  intervening  would  affect  the  accoracT 
of  the  result,  or  a  clouding-over  of  the  heavens  would  prevent  any  definite  result 
whatever  being  reached-  and  during  the  night,  the  gleam  upon  the  water  directly 
below  the  moon  may  define  the  horizon  and  give  op[>ortunity  for  an  altitude  of  Uiat 
body  when  it  is  impossible  to  take  an  observation  of  any  other.  It  has  been  the 
purpose  of  this  work  to  point  out  the  features  of  the  various  sights  wherein  the 
practice  with  the  moon  differa  from  that  of  the  sun,  etars,  or  planets;  care  and 
mtdligent  consideration  will  render  Uiese  quite  clear. 

Besides  its  availability  for  determining  Sumner  lines  of  position,  which  it  shares 
with  other  bodies,  the  moon  affords  a  means  for  ascertaining  the  Greenwich  mean 
time  independently  of  the  chronometer,  thus  rendering  it  possible  to  deduce  the 
longitude  and  chronometer  error.  This  is  accomplish^  by  the  method  of  lunar 
distances.*  If  the  Greenwich  time  ^ven  by  an  observation  of  lunar  distance  could 
be  rehed  upon  for  accuracy,  the  method  would  be  8  great  boon  to  the  navigator; 
but  this  is  not  the  case.  The  most  practiced  obeervor  can  not  be  sure  of  obtaining 
results  as  close  as  modem  navigation  demands,  and  the  errors  to  which  the  method 
is  subject  are  larger  than  the  errors  that  may  be  expected  in  the  chronometer,  even 
when  the  instrument  is  only  a  moderately  good  one  and  its  rate  is  carri^  forward 
from  a  long  voyage.  The  method  is  not,  therefore,  recommended  for  use  except 
where  the  chronometer  is  disabled  or  where  it  is  known  to  have  acquired  some 
extraordinary  error;  and  when  lunar  distances  are  resorted  to  care  must  be  taken 
to  navigate  with  due  allowance  for  possible  inaccuracy  of  the  results.  In  this  con- 
nection it  is  appropriate  to  say  that  the  best  safe^ard  against  the  dire  consequences 
tiiat  may  result  from  a  disabled  or  unreliable  chronometer  is  for  every  vessel  to  carry 
two — or,  far  better,  three — of  those  instruments,  the  advantages  of  which  plan  are 
stated  in  article  266,  Chapter  YIII. 

896.  Employment  op  Bodies  dbpendbnt  trPON  theib  PosmoK. — The  prac- 
tical navigator  will  soon  observe  that  there  are  certain  conditions  in  which  bodies 
are  especially  well  adapted  for  the  finding  of  latitude,  and  others  where  the  longitude 
is  obtained  most  readily. 

Taking  the  sun  for  an  example,  when  a  vessel  is  on  the  equator  and  the  dedina^ 
tion  is  zero,  that  body  will  rise  due  east  of  the  observer  and  continue  on  the  same 
bearing  until  noon,  when  for  an  instant  it  will  be  directly  overhead,  with  a  true 
altitude  of  00°,  and  will  then  change  to  a  bearing  of  west,  which  it  will  maintain 
until  its  setting.     In  such  a  case  any  observation  taken  throughout  the  day  will 

Sive  a  true  north-and-south  Sumner  hne,  defining  longitude  perfectly,  but  giving  no 
etermination  of  the  latitude,  excepting  for  a  moment  only  when  the  body  la  on  the 
meridian.     Vfiih  the  exception  noted,  all  efforts  to  determine  the  latitude  will  faiL 

The  reduction  to  the  meridian  takes  the  form  q,  becoming  indeterminate,  and  in  the 

4>'  4''  ^^^  the  cosine  of  0'  will  assume  a  value  that  corresponds  alike  to  any  angle 
within  certain  wide  limits — the  limita  within  which  the  circle  of  equal  altitude  has 
practically  a  north-and-south  direction.  In  conditions  approximating  to  this  we 
may  obtam  a  longitude  position  more  easily  than  one  for  latitude,  even  within  a  few 
minutes  of  noon. 


THB  FBAOTIOB  07  NATIOATION  AT  BSA,  175 

As  the  latitude  and  declination  Beparate,  conditions  become  more  favorable  for 
findine  latitude  and  less  so  for  longitude;  the  intermediate  cases  cover  a  wide  range, 
wherein  longitude  may  be  well  determined  by  obserrations  three  to  five  hours  from 
&e  meridian,  ami  latitude  by  those  within  two  hours  of  meridian  passage.  As 
extreme  conditions  are  approached  the  accuracy  of  longitude  determinations  con- 
tinues to  decrease;  at  a  pomt  in  60°  north  latitudfe,  when  me  sun  is  near  the  southern 
solstice,  its  bearing  di£Fe»  only  39°  from  the  meridian  at  rising;  or,  in  other  words, 
even  if  observed  at  the  most  favorable  position,  the  resulting  Sumner  line  is  such 
that  1'  in  latitude  makes  a  difiFereuce  of  1.3  miles  of  departure,  or  2'.6  of  longitude, 
and  is  far  better  for  a  latitude  determination  than  for  longitude.  And  in  higher 
latitudes  still  this  condition  is  even  more  marked. 

Having  grasped  these  general  facts,  the  navigator  must  adapt  his  time  for 
taking  si^ts  to  the  circumstances  that  prevail,  and  when  the  sun  does  not  serve 
for  an  accurate  determination  of  either  latitude  or  longitude  the  abihty  to  utilize 
the  stars,  planets,  and  moon  as  a  substitute  will  be  of  the  greatest  advantage. 

396.  Use  or  Vabiocs  Sights. — Except  when  employing  the  method  of  Saint 
Slure  (Chapter  XV),  the  navigator  may  sometimes  be  in  doubt  as  to  the  beet 
method  of  working  a  sight.  No  rigorous  rules  can  be  laid  down,  and  experience 
alcHie  must  be  his  guide.  In  a  eeneral  way  it  may  be  well,  when  the  body  is  nearer 
to  the  prime  vertical  than  to  the  meridian,  to  work  it  for  longitude,  assuming  lati- 
tude, and  using  the  time  sight;  and  when  nearer  the  meridian  to  work  it  for  latitude, 
assuming  longitude,  by  the  ^'  if>'  method.  The  time  sight  is  more  generaJly  usea 
than  the  other,  it  has  wider  limits  of  accurate  application  and  is  probably  a  little 
qiiuker;  but  as  the  meridian  is  approached  ana  the  hour  angle  decreases  small 
errors  in  the  terms  make  laree  ones  m  the  results.  The  0'  A'  or  latitude  method 
should  not  ordinarily^  be  employed  beyond  three  hours  from  the  meridian,  and  then 
onty  Tdien  the  body  is  withm  45°  of  azimuth  from  the  meridian  and  has  a  declinar 
ti(Hi  of  at  least  3°;  with  an  hour  angle  of  6^  (90°)  or  a  declination  of  0°  the  trigono- 
metric functions  assume  such  form  that  the  method  is  not  available;  nor  does  it 
{pve  definite  results  when  the  azimuth  is  90°  or  thereabouts. 

When  the  body  is  close  enough  to  the  meridian  for  the  method  of  reduction  to 
the  meridian  to  be  apphcable,  that  method  is  to  be  preferred  because  of  its  quickness 
and  facility.  It  should  be  noted,  however,  that,  though  close  enough  to  ^nploy 
the  reduction,  it  may  not  be  sufficiently  correct  to  assume  that  the  body  bears  due 
north  or  soutn,  and  the  si^ht  should  be  worked  with  two  longitudee,  or  the  Sunmer 
fine  determined  by  the  azimuth,  unless  ^e  bearing  nearly  comcidee  with  the  direc- 
tion of  the  meridian. 

397.  WoBEiHO  TO  Seconds  aitd  Aooobaot  or  DETBBMDfATioNS. — The  beginner 
who  seeks  counsel  from  the  more  ejcperienced  in  matters  pertaining  to  navigation  will 
find  that  he  receives  conflicting  advice  as  to  whether  it  is  more  expedient  to  carry 
o«t  the  terms  to  seconds  of  arc,  or  to  disr^iard  seconds  and  work  with  the  nearest 
iHiole  minute. 

It  is  a  well-recognized  fact  that  exact  results  are  not  attainable  in  navigation  at 
sea;  the  chronometer  erroTj  sextant  error,  error  of  refraction,  and  error  of  observa- 
tion are  s31  uncertain;  it  is  impossible  to  make  absolutely  correct  dlowance  for  them, 
and  the  uncertainty  increases  if  the  position  is  obtained  by  two  observations  taken 
at  different  times,  in  which  case  an  exactly  correct  allowance  for  the  intervening 
nm  of  the  ship  is  an  essential  to  the  coirectness  of  the  determination.  No  navigator 
should  ever  assume  that  his  position  is  not  liable  to  be  in  error  to  some  extent,  the 
precise  amount  depending  upon  various  factors,  such  as  the  age  of  the  chronometer 
rate,  the  quality  ol  the  various  instruments,  the  reliability  of  the  observer,  and  the 
conditions  at  the  time  the  si^t  was  taken;  perhaps  a  fair  allowance  for  this  possible 
error,  under  favorable  circumstances,  will  be  2  miles;  therefore,  instead  of  plotting 
a  position  upon  the  chart,  and  proceeding  with  absolute  confidence  in  the  belief  that 
the  ship's  position  is  on  the_  exact  point,  one  may  describe,  around  the  point  as  a 
center,  a  circle  whose  radius  is  2  miles— it  we  accept  that  as  the  value  of  the  possible 
error — and  shape  the  future  coiuses  with  the  knowledge  that  the  ship's  position  may 
be  anywhere  within  the  circle. 

It  is  on  account  of  this  recognized  inexactness  of  the  determination  of  position 
Qiat  some  navigators  assume  that  Uie  odd  seconds  may  be  neglected  in  dealu^  with 
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the  different  terms  of  a  sight ;  the  average  possible  error  due  to  Uita  course  is  probat^ 
about  one  minute^  though  under  certain  conditiouA  it  may  be  considerablr  more.  It 
is  possible  that,  m  a  particular  case,  the  error  thus  introduced  through  one  term 
would  be  offset  by  that  from  others,  and  the  result  would  be  the  same  as  if  the 
seconds  had  been  taken  into  account*  but  that  does  not  affect  the  general  fact  that 
the  ne^ect  of  seconds  as  a  regular  thin^  renders  any  determination  liable  to  be  in 
error  about  one  minute.  Those  that  omit  the  seconiu  argue,  however,  that  since,  in 
the  nature  of  thin^,  any  si^t  may  be  in  error  two  minutes,  it  is  immaterial  if  we 
introduce  an  additional  possibility  of  error  of  one  minute,  because  the  new  error  is 
as  liable  to  decrease  the  old  one  as  to  intrease  it;  but  the  fallacr  of  the  argument 
will  be  apparent  when  we  return  to  the  circle  drawn  around  our  plotted  point..  The 
eccentricity  of  the  sextant  may  exactfy  offset  the  improper  allowance  for  refraction, 
and  the  mistake  in  the  chronometer  error  may  offset  the  obserrer's  personal  etror, 
but  unless  we  know  that  such  is  the  case — which  we  never  can — ^we  have  no  justi- 
fication  for  doing  otherwise  than  assume  that  the  ship  may  be  any  place  within  the 
2-mile  circle.  If,  now,  we  increase  the  possible  error  oy  1  ndle,  our  radius  of  uncer- 
tiunty  must  be  increased  to  3  miles,  and  the  diameter  of  the  circle,  representing  the 
range  of  uncertainty  in  any  given  direction,  is  thereby  increased  from  4  to  6  miles. 

It  is  deemed  to  be  the  duty  of  the  navigator  to  put  forth  every  effort  to  obtain 
the  mott  probi^iU  position  of  the  ship,  which  requires  that  he  shall  eliminate  possible 
errors  as  completely  as  it  lies  within  his  power  to  do.  By- Defecting  seconds  he 
introduces  a  source  of  error  that  might  with  small  trouble  be  avoided.  This  becomes 
of  still  more  importance  since  modem  instruments  and  modem  methods  constantly 
tend  to  deiavase  the  probabilihr  of  error  in  the  observation,  and  to  place  it  within 
the  power  of  the  navigator  to  determine  his  ship's  position  with  greater  accural'. 

898.  There  is  a  more  exact  way  of  defining  the  area  of  the  ship's  possible  position 
than  that  of  describing  a  circle  around  the  most  probable  point,  as  mentioned  in  the 

E receding  article,  and  that  is  to  draw  a  line  on  each  side  of  each  of  the  Sumner  lines 
y  which  the  position  is  defined,  and  at  a  uniform  distance  therefrom  equal  to  tha 
possible  error  that  the  navigator  believes  it  most  reasonable  to  assume  imtfer  existing 
conditions;  the  parallelo^am  formed  by  these  four  auxiliary  lines  marks  the  limit 
to  be  assigned  for  the  ship's  position;  this  method  tak%  account  of  the  errors  due 
to  poor  interaeotions,  and  warns  the  navigator  of  the  direction  in  which  his  position 
is  least  clearly  fixed  and  in  which  he  must  therefore  make  extra  allowance  for  the 
uncertainty  ot  his  determination. 

It  must  be  remembered  in  this  connection  that  no  pomtion  can  ever  be  obtained, 
when  out  of  sight  of  the  land,  except  from  the  intersection  of  two  Sumner  lines, 
whether  or  not  the  lines  are  actually  plotted ;  thus,  ameridian  altitude  gives  a  Sumner 
line  that  extends  due  east  and  west,  and  a  sight  on  the  prime  vertical  a  line  that 
extends  north  and  south,  though  it  may  not  have  been  considered  necessary  to  woric 
the  former  with  two  longitudes  or  the  latter  with  two  latitudes. 

399.  The  Woes  Book  and  Forms  roE  Sights. — ^The  navigation  work  book, 
or  sight  book,  being  the  official  record  of  all  that  pertains  to  the  navigation  of  the 
^p  when  not  running  by  bearings  of  the  land,  should  be  neatly  and  l(^b^  kept, 
so  that  it  will  be  intelligible  not  only  to  the  person  who  performed  the  T^rk,  but 
also  to  any  other  who  may  have  reason  to  refer  to  it. 

Each  day's  work  should  be  b^un  on  a  new  page,  the  date  set  fort^  deai^  at 
the  top,  and  preferably,  also,  a  briea  statement  of  the  voyage  upon  which  the  ship  is 
engfwed.  It  is  a  good  plan  to  have  the  -dead  reckoning  Degin  the  space  allotted  for 
the  day,  and  then  have  the  si^ts  follow  in  the  order  in  which  taken.  The  page 
^oiJd  be  large  enough  to  permit  the  whole  of  any  one  sight  to  be  contained  thereon 
without  the  necessity  of  carrying  it  forward  to  a  second  page.  No  work  should  be 
commenced  at  the  bottom  of  a  page  if  there  is  not  room  to  complete  it.  Eivery 
operation  pertaining  to  the  working  of  the  sights  should  appear  in  ue  book,  and  aU 
imdevant  matter  should  Be  excluded. 

It  iswell  to  observe  a  systematic  form  of  work  for  each  sight,  always  writing 
the  different  terms  in  the  same  position  on  the  page;  this  practice  will  conduce  to 
rapidity  and  lessen  the  chances  oi  error.  In  order  to  fadhtate  the  adoption  of  sudi 
a  metitod,  there  are  appended  to  this  work  (Appendix  II)  a  series  of  forms  that  are 
recommended  for  dead  reckoning,  and  for  the  various  sights  of  the  sim,  stais, 
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l^aiiets,  and  moon,  reBpeotiT«ly.  For  beginners,  these  are  deconed  of  eepecinl 
importance,  and  it  is  recommended  that,  mitil  perfect  familiarity  with  the  dif- 
ferent sights  is  acquired,  the  first  step  in  working  out  an  obserration  be  to 
write  down  a  copy  oi  the  appropriate  blank  form,  indicating  the  proper  sign  of  appli- 
cation of  each  quantity  (for  which  the  notes  will  be  a  guide),  and  not  to  put  in  any 
^ures  until  the  scheme  has  been  completely  outlined;  then  the  remainder  of  t^e 
work  will  consist  in  writio^  down  the  Tarious  quantitias  in  their  proper  places  and 
pflrfomiing  the  operations  mdicated. 

The  navigator  may  make  up  his  work  book  by  having  printed  forma  of  the 
Tuious  sights  which  can  be  placed  in  a  loose-leaf  binder  when  they  have  been  filled 
in  with  his  computations.  Instead  of  printed  forms  on  separate  sheets,  he  may 
employ  rubber  stamps  of  the  various  forms  of  sights  which  he  may  stamp  in  his 
mrk  book  or  on  loose  leaves. 

KHX  SPBCIFZO  STEPS  TOB  CASATIKa  OUT  THE  DAY'S  WOBX. 

400.  The  day's  work  as  described  herein  is  so  lud  out  that  the  true  position 
at  noon  is  known  some  few  minutes  before  noon,  as,  when  cruising  in  company, 
Baval  vessels  have  to  make  their  noon  position  report  by  signal  at  exactly  12  o'clodk. 
"Wbea  cruising  sin^y  the  noon  position  need  not  be  known  until  after  12  o'clock, 
but  it  is  advisable  to  do  a  day's  work  always  in  one  ^ay,  and,  therefore,  the  plan  of 
getting  the  correct  noon  position  before  noon  will  be  followed. 

401.  'Tsa  Ttuz  to  Take  an  A.  M.  Obsebvation. — The  navigator  of  a  vessel 
cruising  may,  by  dead  reckoning  or  by  plotting  on  a  chart,  predict  the  approximate 
position  of  the  ship  the  following  morning,  and  from  that  position  may  easily  determine 
the  best  time  to  observe  the  sun  (or  other  body)  for  longitude.  Having  determined 
Us  approximate  8  a.  m.  position,  he  takes  from  the  Nautical  Almanac  the  declination 
of  the  sun  for  Greenwich  noon  of  that  dav.  With  the  latitude  of  the  8  a.  m.  position 
and  declination  for  the  day,  he  enters  me  Azimuth  Tables  and  takes  out  the  local 
apparent  time  wheo  the  sun  will  bear  90".  By  getting  the  error  of  his  watch  on  local 
apparent  time  for  the  approximate  S  a.'  m.  longitude,  he  may  easily  find  the  wah^ 
tune  when  the  sun  will  bear  90°,  fdiich  is  the  time  he  should  take  his  sight.  Suppose 
on  the  evening  of  July  18,  1916,  a  navigator  finds  that  at  8  a.  m.  f^  nect  day  hs  will 
be  m  approximate  liat.  35"  12'  N,,  Long.  65"  15'  W.,  and  wishes  to  find  at  what 
time  hy  his  wiich  the  sun  will  be  on  the  prime  vertical.  He  compares  his  watch 
with  the  chronometer,'of  which  he  knows  the  correction,  and  which  is,  we  will  aay, 
slow  1"  10"  on  G.  M.  T.,  and  finds  that  when  the  chronometer  reads,  say  11'  59"  30*, 
the  wat<ji  reads  7^  15"  12".    He  then  does  the  following  worki 

He  takes  from  the  Kautical  Almanac  the  declination  and  the  equation  of  time 
for  Greenwich  mean  noon  on  July  19  and  finds  000.-20"  52'  N.;,  !E)q.  t.  6"  04*, 
sabtractive  from  mean  time. 

With  Lat.  35".2  N.,  Dec.  21°.0  N.,  enter  the  Azimuth  Tables,  and  find,  for  a 
bearing  of  90",  the  L.  A.  T.  is  about  8'  10". 

Write  down  ibe  reading  of  tbe  chronometer  bee  at  comparison !!'■  SS^SO* 

Apply  the  chroncineter  conection +         1    10     ■ 

G.  U.  T.  of  the  time  of  comparison 12    00    40 

Apply  equation  of  time —  6    04 

Greenwich  apparent  time  of  compariBon 11    64    36 

PorLong,65''^15'W.,X-*'21»00'.    Apply  X 4    21    00 

Attimeof  comparison  tiieL.  A.  T.  at  the  8  a.  m.  position  was 7    S3    36 

At  time  ol  comparison  the  watdi  time  was 7    15    12 

&rorof  watch  on  L.  A.  T.  of  8  a.  m.  position 18    24B]oir. 

L.  A.  T.  when  Biin  is  on  prime  vertical 8    10 

Watch  time  to  take  a.  m.  observation 7    61    36 

Ihe  observation  should  therefore  be  taken  when  the  watch  face  reads  about  7-52, 
vbich  win  bring  the  sun  very  close  to  tiie  prime  vertical. 

When  the  latitude  and  declination  are  of  different  names  the  sun  crosses  the 

piime  vertical  before  rising.    In  that  case,  the  observation  is  taken  as  soon  as  the 
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sun  is  Buffieiently  high  to  be  tmoffected  by  any  peculiar  condition  of  tbe  Atmosphere, 

usually  about  an  hour  after  sunrise.  The  L.  A.  T.  of  sunrise  and  sunset  is  given  at 
the  bottom  of  the  page  in  the  Azimuth  Tables.  Suppose  in  the  above  example  tlte 
approximate  8  a.  m.  latitude  was  35°.2  S.  instead  of  35''.2  N.  Entering  the  tables 
with  Lat.  and  Dec.  of  different  names,  we  find  the  time  of  sunrise  is  about  7  a.  m. 
The  observation  should  therefore  be  taken  at  about  8  a.  m.  L.  A.  T.,  the  watch  time 
of  which  can  be  found  in  the  same  wav  as  explained  above. 

In  a  similar  manner  Azimuth  Taoles  may  be  used  to  find  the  beet  time  to  take 
p.  m.  observations  for  longitude. 

402.  Thr  Mobntko  Wobk  of  tbb  Naviqatok. — The  navigator,  having  deter- 
mined the  time  at  which  he  will  take  his  morning  observation,  is  called  sumciently 
early  to  be  ready  for  work  about  16  minutce  before  the  time  chosen. 

The  first  thmg  the  navigator  does  is  to  check  up  his  time.  To  save  the  troaUe 
of  going  below  to  compare  the  watch  with  the  standard  chronometer  each  time  that 
an  observation  is  taken,  most  navigators  keep  the  hack  chronometer  in  the  diart 
house  and  use  it  for  comparisons  durmg  the  day.  It  is  necessary  to  check  the  hack 
with  the  standard  chronometer  each  day  to  make  sure  of  its  error  on  G,  M.  T.  and 
rate.  This  comparison  is  made  the  first  thing  in  the  morning,  the  date,  the  emr 
on  Q.  M.  T.,  and  the  rate  of  the  hack  being  written  on  a  slip  m  paper  that  is  placed 
in  Uie  hack  case.  The  hack  is  then  taken  to  the  chart  house  and  is  used  for  the 
day's  work.  As  hack  chronometers  frequently  have  hi^  daily  rates,  an  additional 
correction  sometunes  has  to  be  made  for  the  rate  when  oraerrations  have  been  taken 
some  hours  after  the  comparison.  The  hack  is  sometimes  used  for  marking  Uie  time 
of  observation,  and.  when  so  used,  the  G.  M.  T.  is  at  once  obtained  by  applying  Uie 
hack  error. 

Having  checked  up  the  hacK  chronometer,  the  navigator  then  prepares  hia 
sextant  and  takes  it,  with  his  watch  and  notebook,  to  the  puce  from  whksh  he  takes 
his  observations.  At  about  the  time  he  has  selected  for  his  purpose,  he  obeervea 
^titudes  of  the  sun,  which,  with  the  corresponding  watch  times  are  noted  in  his  note- 
book. The  patent  log  is  read  while  the  observations  are  being  taken  and  the  readily 
is  entered  in  the  notebook.  The  navigator  then  goes  to  the  standard  compass  tmd 
gets  a  bearing  of  the  sun,  which  with  the  watch  time  of  the  bearing  and  the  compass 
heading  of  the  ship  is  entered  in  the  notebook.  Either  just  before  or  just  after 
observmg  the  altitude  of  the  sun  with  the  sextant,  the  index  correction  should  be 
found  and  entered  in  the  notebook.  The  navigator  next  compares  his  watch  with 
the  hack  chronometer  and  gets  the  C-W,  which  is  also  entered  in  the  notebook. 
From  the  log  book  he  gets  the  courses  and  distances  run  from  th»  last  "fix"  and 
enters  them  m  his-  notebook.    This  completes  the  data  for  his  morning's  work. 

The  computations  are  then  made  in  the  navi^tor's  work  book.  The  first  st^ 
is  to  work  up  the  dead  reckoning  from  the  last  ''Bx"  to  the  time  of  8k[ht.  It  msv 
be  well  here  to  call  the  attention  of  the  student  to  the  fact  that  for  "distance  run 
the  propellers  frequently  are  a  more  accurate  gauge  than  the  patent  log  which  some* 
times  gets  foul.  In  a  smooth  sea  the  distance  by  revolutions  is  usually  very  accurate, 
especially  if  the  effect  of  the  condition  of  the  bottom  as  to  fouling  is  miown.  In 
heavy  weather  the  patent  log  ia  a  better  gauge  as  the  effects  of  the  wind  and  sea  on 
the  speed  of  the  ship  are  hani  to  determme.  Bat  for  distance  run  both  the  patent 
log  and  revolutions  should  be  considered,  and,  if  there  is  a  discrepancy  between 
them,  it  should  be  investigated  and  the  more  accurate  distance  should  be  used. 

Having  brought  the  dead  reckoning  up  to  the  time  of  sight,  the  latitude  so  found 
is  taken  as  the  base  of  the  computation  of  the  longitude  by  observation.  It  is 
assumml  that  the  student  is  famiuar  with  the  varioiis  methods  of  getting  a  line  of 
position  from  an  observation.  Any  one  of  the  various  methods  gives  the  same  line 
and  the  choice  of  method  is  naturally  the  choice  of  the  indivi<mal. 

Having  obtained  the  line  of  position,  the  longitude  factor  is  next  found,  as 
;explained  in  article  387.  The  longitude  factor  is  used  twice,  first  to  find  the  longitude 
by  observation  corresponding  to  the  D.R,  latitude,  and  again  after  the  noon  lati^de  is 
determined,  to  find  the  true  noon  longitude.  Assoon  as  the  longitude  factorhasbeen 
obtained,  the  longitude  bv  observation  corresponding  to  the  D.  R.  latitude  is  found, 
and  it  is  this  point  otTthe line  of  position  that  is  iised  Tor  the  rest  of  the  work  to  noon. 
^This  point,  corrected  for  run,  is  also  the  point  adopted  as  the  8  a.  m.  position,  and 


dbyGoogle 


THE  PBACXICB  OF  NATIQATION  AT  BBA.  -  179 

aa  by  urang  it  future  steps  &re  simplified,  it  is  advisable  always  to  work  from  this 
point.  Of  course,  any  other  point  on  the  line  can  be  moved  up,  and  the  final  result 
will  be  the  same,  but  the  computation  will  be  a  little  more  compUcated. 

Having  obtained  the  position  at  time  of  sight  (D.  K.  Lat.,  Long,  by  obe.)  and 
tile  longitude  factor,  the  navigator  next  proceeds  to  get  the  compass  error.  The 
work  he  has  already  performed  in  getting  the  line  of  position  ^ves  him  certain  data 
that  will  shorten  his  work  in  finding  the  compass  error.  If  the  sight  has  been  worked 
out  as  a  Sumner  line  the  navigator,  by  taking  the  L.  A.  T.  found  by  his  computation 
and  correcting  it  for  the  difference  between  the  watch  times  of  his  observation  for 
altitude  and  observation  for  azimuth,  may  obtaiD  at  once  the  L.  A.  T.  of  the  time 
at  which  he  took  the  sun's  azimuth.  With  this  L.  A.  T.,  and  the  Lat.  and  Dec.  used 
in  working  out  his  sight,  he  may  at  once  find  from  the  Azimuth  Tables  the  true 
beuring  of-the  sun  and  get  the  compass  error.  If  the  line  of  position  has  been 
obtained  by  one  of  the  tangent  methods,  the  navigator  has,  in  bis  computation,  deter- 
mined the  true  bearing  of  the  sun  at  the  time  oi  B^ht.  AH  he  has  to  do  to  get  the 
true  azimuth  for  compass  error  is  to  correct  this  bearing  for  the  change  in  azimuth 
due  to  the  difference  in  time  between  his  observation  for  altitude  and  his  observation 
for  aidmuth.    This  correction  is  easily  found  from  the  Azimuth  Tables  by  inspection. 

This  completes  the  morning  work  when  the  amount  of  work  each  day  is  a 
minimum.  When  very  accurate  positions  are  required  at  other  times  than  at 
noon,  as  for  instance,  when  a  vessel  is  scouting,  when  in  dangerous  waters,' 
moving  at  high  speed,  or  when  making  a  landful,  other  lines  of  position  are 
worked  out^  and  the  ship's  position  found  on  each  line  oy  moving  the  n^  preceding 
line  up  to  it  for  run.  For  instance,  lines  obtained  from  morning  twilight  wghts  of 
the  moon,  stars,  or  planets,  may  be  run  up  to  the  8  a.  m.  line,  the  8  a.  m.  line  may 
be  run  up  to  one  taken  at  9.30  or  10,  or  later,  and  so  on.  When  getting  the  position 
by  the  intersection  of  lines  moved  up  for  run,  it  is  usual  to  perform  the  work  on  the 
plotting  charts  supphed  for  this  particular  purpose.  These  charts  are  Mercator 
projections  covering  each  5°  of  latitude  from  0°  to  60^.  The  parallels  are  numbered 
lor  every  degree  of  latitude,  and  the  navigator  selects  the  chart  covering  the  latitude 
in  which  he  is  working.  The  meridians  on  these  charts,  not  being  numbered,  the 
navigator  is  left  free  to  mark  them  with  the  longitudes  through  whi%  he  is  working, 
lie  charts  are  of  laige  scale,  and,  being  on  heavy  paper,  may  be  used  over  and  over, 
linee  on  these  being  drawn  in  lightly  and  erased  when  no  longer  required. 

Intersections  of  lines  of  position  may  be  computed,  as  explained  in  Chap.  XV, 
when  there  are  no  charts  at  hand  suitable  for  plotting  the  line6^;aphical^.  Special 
plotting  sheets  prepared  by  the  United  States  Hydrographic  CSfice  are  supplied  to 
vessels  of  the  Navy. 

403.  Thb  Wobk  Betw^n  11  A.  U.  ajto  Noon. — Two  important  steps,  not 
usually  fullr  explained  in  the  text  books,  must  be  studied,  lliese  are:  rtrst,  to 
determine  the  exact  run  from  the  time  of  the  a.  m.  sight  to  local  apparent  noon; 
second,  to  set  the  watches  and  clocks  to  the  local  apparent  time  of  ike  place  the  ship 
will  be  at  local  apparent  noen. 

If  the  ship  lias  been  mnVing  westing,  the  watches  and  clocks  will  be  ahead 
of  thfT  local  apparent  time  of  the  noon  position  and  will  have  to  be  set  back  by  the 
amount  of  the  change  in  longitude.  As  the  change  of  time  is  made  between  11  a.  m. 
and  noon,  it  will  be  seen  that  the  elapsed  time  between  the  time  of  Uie  a.  m.  sidit 
and  the  new  watch  time  of  noon  will  be  more  than  the  watch  face  shows  hy  the 
amount  the  watch  has  been  set  back,  and  this  difference  must  be  allowed  for  in 
computing  the  run  to  noon.  In  the  same  way,  if  the  ship  has  been  making  east^ 
ing,  the  clocks  and  watches  will  have  to  be  sot  anead  and  tne  elapsed  time  between 
Uie  time  of  the  a.  m.  sight  and  the  new  watch  time  of  noon  will  be  less  than  the  watch 
face  shows  by  the  amount  the  watch  has  been  set  ahead,  and  must  be  allowed  for  in 
computing  tne  run  to  noon.  It  must  be  remembered  that  this  time  can  not  be 
computed  exactly,  but  it  can  be  approximated  very  closely  in  this  way.  Suppose  a 
ship  has  been  steaming  on  course  66°  true,  and  the  navigator  finds  from  his  a.  m. 
observation  taken  at  watch  tune,  8'  00"  03".6,  that  the  L.  A.  T.  for  the  position, 
lAt.  by  D.  K.  38"  03'.2  N.,  Loi^.  by  obs.  72°  50'  26"  W.,  is  8*  17"  23'.9.  He  see^ 
at  once  that  at  8  a.  m.  his  watch  is  already  slow  17"  20'.4  on  L.  A.  T.    Now,  if  he 
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continuea  on  this  course  66°  true,  at  a  speed  of  11.7  knots  per  hour,  the  watch  will 
be  still  slower  at  noon.  He  therefore  turns  to  the  Traverse  Tablra  and  finds  that 
on  that  course  and  at  a  speed  of  11.7  knots  the  qhipvilleach  hour  go  10.69  miles  to 
the  eastward,  which,  in  Lat.  38°,  makes  a  change  of  longitude  of  13'.6  each  hour. 
Now,  from  time  of  sight  to  U  a.  m.  the  change  of  longitude  wiH  be  3X 13' .6— 40' .8 
of  longitude,  which  is  equal  to  a  further  loss  «  2"  43'.2  of  time;  but  the  watch  was 
already  slow  17"  20" .4,  so  that  at  11  a.  m.  the  watch  will  bo  slow  20"  03* .6,  and 
the  time  to  noon  will  be  l''~(20"  04*},  the  difference  duo  to  change  in  longitude  in 
39"  56'  (1"  -  20"  04") .  Now39"  56'  =  0.66"  and  the  change  of  longitude  =-  0.66  X  13'.6  = 
9'  .0  of  long.  =  36* .0  of  time.   Hence  the  total  amount  the  time  will  be  changed  will  be : 

Change  to  time  of  a.  m.  siffht 17"  20*.  4 

Change  between  ».  m.  sight  and  11  a.  m 2    43 . 2 

Change  between  11  a.  m.  and  L.  A.  noon .' 0    36.0 

Total  change 20    39.6 

and  the  run  to  noon  will  be  four  hrs.  minus  this  change  =  3"  39"  20*.4  -  3.66  hrs.  The 
distance  run  to  noon  will  be  3.66''Xll"".7  =  42"».8. 

The  navigator  can  now  run  the  a.  m.  point,  determined  by  dead  reckoning  lati- 
tude and  lonmtude  by  observation,  up  to  noon,  and,  after  that  he  is  ready  to  set 
his  watch  and  clocks  to  the  time  of  the  coming  local  apparent  noon  position. 

404.  If  the  body  observed  for  the  a.  m.  sight  was  on  or  near  the  prime  vertical, 
the  longitude  found  iTom  it  would  be  correct  for  the  time  of  observation,  since  an  error 
in  latitude  makes  no  change  in  the  longitude.  This  longitude  when  compared  with 
the  longitude  by  dead  reckoning  at  the  time  of  sight  wifi  show  if  there  has  been  an 
easterly  or  westerly  set  of  the  current,  and  the  amount  of  it.  If  a  current  is  found 
and  allowed  for,  for  the  time  of  the  run  from  time  of  sight  to  noon,  the  noon  longitude 
can  be  found  very  accurately.  If  the  heavenly  body  used  for  the  a.  m.  observation 
was  not  near  the  prime  vertical,  the  exact  easterlyor  westerly  set  can  not  be  deter- 
mined; but  a  close  approximation  to  it  can  generally  be  made  by  compartiig  the. 
longitude  found  by  oMervation  with  the  D.  K.  longitude,  and  the  current  so  foimd 
shotJd  be  allowed  for  in  running  the  a.  m.  point  up  to  noon.  The  error  will  be 
small  and  will  give  results  sufiScienUy  accurate  for  ordinary  work.  Having  allowed 
for  eBster]y  or  westerly  current  and  having  run  the  a.  m.  position  point  by  observa- 
tion up  to  noon,  the  navigator  can  then  set  his  watch  to  local  aj^arent  time  of  the 
noon  position,  and  his  watch  can  be  used  to  set  the  deck  clocks.  A  convenient  way 
to  set  the  watch  is  as  follows:  Having  looked  at  the  hack  face  and  found  what  it 
reads,  say  4**  09"  SO*,  let  it  be  determined  to  set  the  watch  to  the  correct  local 
apparent  time  of  the  noon  position  when  the  hack  face  reads  4**  15"  00*. 

Write  down  reading  of  hack  face  at  tiine  watch  ia  to  be  set 4^  1ft"  00* 

Apply  the  back  correction  (in  thia  case  hack  is  6"  38*  fast  on  G.  It.  T.) (-)    5    38 

ThisgiveeG.  M.  T.atwhichwatchistobesettoL.  A.T 4    09    22 

Apply  equation  of  tine  corrected  for  longitude  of  noon  poaition (+)  11    33.8 

This  gives  G.  A.  T.  of  time  watch  is  to  be  set 4    20    66.8 

Now  apply  longitude  for  noou  position  (iu  this  case) 4    ^    23 

Watch  face  should  read 11    32    32.8 

The  watch  is  now  to  be  set  so  that,  at  4''  1 5"  00*  by  hack,  the  watch  face  will  show 
as  near  ll''  32"  33*  as  possible.  It  will  be  found,  since  the  second  hand  of  a  watch 
can  not  be  set,  that  the  watch  can  not  be  set  to  the  exact  reading.  By  care,  however, 
the  watch  can  be  set  so  that  it  will  be  30  seconds  or  less  fast  or  slow  on  the  desired 
time.  The  number  of  seconds  the  watch  is  fast  or  slow  on  L.  A.  T.  should  be  noted 
in  the  work  hook,  as  it  will  be  a  help  in  takine  near-noon  sights  to  get  the  correct 
li.  A.  T.  at  once  from  the  reading  of  the  watcn  face  instead  of  comparing  the  watch 
again  with  the  chronometer.  Tihe  watch  being  set  as  nearly  as  pos^le  to  the 
correct  L.  A.  T.  and  the  error  being  recorded,  the  dock  clocks  are  set;  and  the  navi- 
gator then  proceeds  to  work  up  his  constants  for  his  near-nooa  observations  for 
btitude,  and  completes  all  his  forms  and  fills  them  out  aa  f ar  as  possible  before 
taking  the  observations. 


r>' Google 


THB  PK&CTICE  OF  NATIQAnON  AT  BBA.  181* 

405.  Now  suppose  th«  navigator  wishce  to  take  liis  observations  at  15,  10,  and 
5  minut«e  before  local  apparent  noon  and  desires  to  get  constants  for  these  times  to 
which  he  can  appl;^  his  sextant  altitudes  and  at  once  get  his  correct  noon  latitude. 
To  find  the  watch  times  at  which  he  should  take  these  observations;  he  must  know 
the  error  of  his  watch  on  local  apparent  time  of  the  place  of  observation.  He  knows 
tile  error  of  his  watch  on  the  L.  A.  T.  of  the  noon  position  (in  this  case  we  will  sup- 

Cie  the  watch  is  18*  fast).  He  knows  that  on  course  66°  true,  speed  11.7  knots,  m 
t.  3S°,  that  in  1  hour  he  changes  longitude  13'.6.  Therefore  15  minutes  before 
noon  the  ship  will  be  3'.4  of  longitude  west  of  where  it  will  be  atnoon~I3*.6of  time. 
&nce  the  observation  16  minutes  before  noon  should  be  taken  at  watch  time 
11*  46"  00"+ ly  (-amount  watch  is  fast  on  L.  A.  T.  of  noon  position) +  13*.6 
(-amount  watch  is  fast  on  L.  A.  T.  of  place  of  first  near-noon  oteervationi-ll" 
46*  31'.6.  Similarly  the  observation  taken  10"  before  noon  should  be  taken  at 
watch  time  11'  50""  OC+IS'+Q*.!  (-amount  watch  is  fast  on  L.  A.  T.  of  place  of 
second  observation)  — ll""  50"  27'.1.  The  observation  token  5  minutes  before  noon 
ehonld  be  taken  at  watch  time  11**  55"  00*+18*+4'.5  (—amount  watch  is  fast  on 
L.  A.  T.  of  place  of  third  observation)  — 11'  55"  22*.5.  A  meridian  altitude  would 
<A  oouiae  be  taken  at  watch  time  12'  00"  18'. 

Having  obtained  the  watch  times  of  the  observations,  the  navigator  next  works 
out  the  constants.  These  constants  are  obtained  in  the  same  way  as  meridian 
alUtude  constants  but  to  each  are  applied  two  corrections  to  the  meridian  altitude 
constant.    These  are: 

(1)  at'  or  the  correction  to  be  applied  to  an  observed  altitude  nearnoon  to  make 
it  a  meridian  altitude. 

(2)  Jh  or  the  difference  in  latitude  for  the  run  from  the  time  of  observation 
to  noon. 

In  working  out  the  constant,  the  method  of  obtaining  a  meridian  altitude  con- 
itant  is  followed  and  the  two  corrections  mentioned  above  are  applied  to  it.  In 
getting  a  meridian  altitude  constant,  one  has  first  to  ascertain  the  approximate 
altitude.  If  the  student  will  in  every  case  plot  his  elements  roughly  on  the  plane 
of  the  meridian,  putting  O,  the  observer,  at  the  center,- a  horizontal  Ime  through  the 
0  with  the  right  end  marked  S  for  south,  and  the  left  end  N  for  north,  to  represent 
the  horizon,  and  draw  a  vertical  line  upward  from  O  (marking  its  intersection  with 
the  circle  Z)  to  represent  the  zenith,  he  can  by  inspection  write  out  his  formulie  and 
Bse  exactly  how  to  apply  all  corrections.  A  few  minutes'  study  will  make  this  method 
dear  and  will  fully  repay  the  very  slight  mental  effort  required  to  master  it. 

Now  suppose  L  is  the  latitude  of  the  noon  position  and  L'  the  latitude  of  the 
point  from  which  the  near-noon  observation  was  taken.  Then  L— L'±JL  where 
iL  is  the  change  in  latitude  from  the  time  of  observation  to  noon. 

Suppose,  by  inspection  of  the  figure  we  have  drawn,  we  see  that  for  a  meridian 
altitude, 

L'-90°-<i-ob8.  aIt.±con-.  to  ^t. 

Xow  when  the  observed  altitude  is  taken  before  noon  the  correction  at'  has  to 
be  applied  to  it  to  bring  it  to  what  the  meridian  altitude  would  be.  Therefore,  for 
an  altitude  taken  before  noon, 

L'     -90''-(i-(obs.  alt.  +  aP)±corr.  to  alt. 

—  90"  — d  — obs.  alt.— <iP±corr. 
L      =90°-<i-obs.  alt.-(rf*±cons±JL. 

=  K-ob3.  alt. 
or  K  -  90°  -  d  -  (ri"  ±  corr.  ±  JL. 

Having  the  watch  time  at  which  the  near-noon  observation  is  taken  and  K  corre- 
^ndmg  to  it,  it  is  only  necessary  to  apply  the  observed  lUtitude  to  its  proper  K 
to  get  ute  correct  noon  latitude.  Having  the  correct  noon  latitude,  find  by  how 
many  minutes  it  differs  from  the  D.  E.  noon  latitude  and  multiply  this  difference 
by  the  longitude  factor  to  get  the  correction  to  be  applied  to  the  8.00  a.  m.  longitude 
t^  observation  run  up  to  noon,  in  order  to  get  the  correct  noon  longitude.    This 
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part  of  the  vork  is  done  rcnig^ily  on  deck  in  the  navigator'a  note  hook  sa  soon  as  the 
altitude  is  taken.  To  facilitate  this  work  the  navigator  writes  his  data  in  his  note 
book  in  the  following  f onn,  filling  the  blank  spaces  alter  getting  his  altitude : 


For  wfttch  time 

E 

01m.  Alt. 

U"  46- SO- 
84    H    44 

U»  50- 26* 
84    69    03 

11»  65-22- 
66    01    29 

i2»  00- la- 
ss  02   02 

Noon  Ut.  by  Obs. 

Ueu 

Noon  Ut.  by  D.  R. 

38"  ay  36" 

DL 

Long,  factor  (Tab.  47) 

.66 

CocT.  in  Long. 
Noon  Long,  by  ».  m.  Ob«. 

72*06'  44" 

406.  RaTing  obtained  the  correct  noon  position  in  the  above  manner,  ths 
navigator  completee  his  work  in  his  work  book  and  plots  the  ship's  positioD  tm  the 
chart.    Having  the  correct  noon  position,  he  compares  it  with  nis  previous  nooo 

gflition  (or  point  of  departure)  and  gets  the  true  course  and  distance  made  good. 
aving  the  position  bv  dead  reckoning  and  by  observation,  he  geta  the  set  and 
drift  of  the  current.  He  then  compntw  the  total  distance  gone  amce  leaving  port 
and  the  distance  yet  to  go  to  his  destination.  Blank  forms  lor  the  noon  report  an 
arranged  for  the  following  data: 

(1)  Lat.  by  observation. 

(2)  Long.  Dv  ol»ervation. 

(3)  Lat.  byD.  R. 

(4)  Long.byD.  R. 

(5)  Current:  Set  and  Drift. 

(6)  Course  made  good. 

(7)  Distance  ma£  good  since  noon. 

(8)  Distance  made  good  since  departure. 

(9)  Distance  to  deatmation. 

If  the  course  sailed  is  a  rhumb  line,  and  the  ship  is  practically  on  the  line  laid 
out  as  the  track,  no  change  of  course  ia  necessary.  If  the  ship  is  decidedly  off  the 
rhumb  line  course  as  laia  out,  or  is  sailing:  on  a  great  circle  track  that  requires  a 
change  in  compass  course,  the  new  course  islaid  out  as  soon  as  the  true  noon  poeitiou 
is  obtuned.    This  completes  the  navigator's  work  to  noon. 

407>  Thk  Afternoon  Wobk  or  thb  Navioatob. — In  the  afternoon  the  navi- 
gator must  take  an  observation  for  longitude.  Ho  selects  a  time  when  the  sun  is 
as  near  aa  possible  to  the  prime  vertical,  which  time  is  determined  in  the  same  way 
as  explained  for  the  a.  m.  observation.  He  nms  his  true  noon  position  up  to  the 
time  of  his  p.  m.  observation,  making  an  allowance  for  any  evident  current  that  was 
found  at  noon.  He  then  jgets  a  position  point  on  a  line  of  position  determined  from 
his  observation.  This  point  is  nm  up  to  8  p.'  m.  by  dead  reckoning,  which  position 
is  plotted  on  the  chart  »nd  completes  the  minimum  navigation  work  for  any  day. 

When  particolarly  accurate  positions  are  required,  especially  at  8  p.  m.,  the 
navigator  takes  an  additional  observation  of  the  sun,  or  of  some  otlier  heavenly  ix>dy 
at  twilight,  and  gets  the  intersection  of  two  lines  of  position.  Or  he  may  get  a  line 
for  longitude  and  a  line  for  latitude  by  an  altitude  of  Polaris  or  another  star.  In 
tJiis  way  the  navigator  may,  at  either  morning  or  evening  twilight,  get  a  very  accurate 
fix;  and  this  is  done  frequently.  In  fact,  nxea  obtained  from  observationa  of  two 
heavenly  bodies  taken  at  about  the  same  time  are  the  most  accurate  fixes  that  can  be 
obtained  at  sea,  as  the  intersection  of  the  two  lines  of 'position  give  a  position  point 
that  is  correct  at  the  time,  no  matter  what  the  current  is.  Careful  navigators  will 
therefore  tf^e  such  observations  and  the  student  should  prepare  himself  to  do  so. 
The  methods  of  using  position  pointa  obtained  in  this  way  are  exactly  the  same  aa 
the  methods  of  using  the  points  already  explained. 
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"Die  following  example  will  give  a  good  idea  of  tlie  minimiini  day's  work  for  the 
navigator  at  sea.  Hie  form  laid  out  is  one  ihat  can  always  be  followed.  The  cosine- 
haversine  formiila  is  used  for  getting  the  lines  of  position,  but  any  oUier  method  may 
be  substituted  for  it. 

ExAUFUc:  On  October  4, 1916,  the  U.  S.  S.  Ddaiware  left  Hampton  Roads  for 
Lisbon.  From  the  Chesapeake  Capee  the  great  circle  course  was  followed.  The 
distance  to  Lisbon  by  great  circle  course  is  3,120  milee.  It  is  25  mUes  from  Hampton 
Roads  to  the  point  from  which  the  departm-e  was  taken.  At  5  p.  m.,  with  Cape  Henry 
IJ^t  bearingSOl"  (mag.),  dist.  8.3  miles,  took  departure,  set  course  74"  (p.  s.  c.) 
(VoT.  5"  W.,  Dot.  3"  W7),  and  put  over  patent  log.  reading  0.  {The  point  of  de- 
partore  is  Lat.  36"  61'  69*  N.,  Long.  75"  61'  03'  W.) 

The  next  morning  by  comparison  with  the  standard,  the  hack  chronometer  was 
foimd  to  be  6"  38*  fast  on  G.  M.  T.  and  gaining  1*.5  daily.  At  about  8  a.  m. .  patent  log, 
reading  175.0,  the  navigator  took  an  a.  m.  ooservation  for  longitude:  W.  T.  8^  00" 
OS'^S;  obs.  alt.  22°  SS*^  lO";  I.  C.  +  l'  SC;  ht.  of  eye  40  ft.  The  navigator  then 
observed  an  aumuth  of  the  sun  as  follows:  W.  T.  8^  02"  29*;  bearing  of  sun  p.  s.  c. 
126°  30';  ship's  head  74°.  He  then  compared  his  watch  with  the  hack  as  follows: 
hack  face  1"  13-  00";  watch  face  8"  10"  1 1". 

Perform  the  a.  m.  part  of  the  day's  work. 

Hie  ship  continues  on  same  com^eatsame  speed  (11.7  knots).  When  the  hack 
face  reads  4*  15"  00*^  at  what  time  should  the  watdi  be  set  to  be  on  local  apparent 
time  at  the  noon  position  1 

If  the  watch  was  set  18  seconds  fast  on  local  apparent  time  at  the  noon  position, 
work  out  constant«  for  observations  ior  latitude  to  be  taken  16,  10,  and  6  minutes 
b^ore  noon  and  at  noon.    Prepare  all  forms  for  the  noon  work. 

Tlie  observed  altitudes  near  noon  were  as  follows:  15  minutes  before,  46°  12'  SC; 
lOmin.  before,  46°  16'  50';  5  min.  before,  46°  19'  20'.  'The  noon  alt.  was  46°  19'  40". 
The  patent  log  read  217.5  at  noon. 

Complete  the  day's  work  for  noon. 

At  noon  the  course  was  changed  to  86°  (p.  s.  c),  Var.  10°  W.,  Dev.  4°  W. 
Steamed  imtil  4p.  m.  on  ihb  course,  wheal  at  W.  T.  4*  00-  12%  obs.  alt.  of  sun 
18°32'40';  C-W,  4' 40- 66-;  LC, +1'60';  ht.  of  eye,  40  ft.;  patent  log  reading, 
264.3. 

Find  position  of  ship  at  4  p.  m.  by  observation. 

The  course  and  speed  remaining  unchanged,  find  the  8  p.  m.  position. 
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CHAPTER  XVII. 

.MAHnreSURVEUHG.         '  ""*^- 


408.  DEFiNXnoNS. — SurreTiiu;  is  the  art  of^makii^  such  field  obaerrafloiis  and 
measuremente  as  are  neoessaiy  todetemiine  poffltions,  areas,  elevations,  and  move- 
meiite  on  the  surface  of  the  esjih,  giving  ila  cnaracteristic  features,  such  as.  on  land, 
tlu  position  of  prominent  obiecte,  heights,  and  depressions,  and  on  water,  tne  depth, 
ntture  of  bottom,  position  of  shoals,  and  Telocity  of  currents. 

Topographic  Surveyina  relates  to  the  land,  and  Hydrographie  Survetfing  to  the 
inter;  and  both  are  underlud  by  Trigonometrieal  Surveyirig  wHich,  when  it  is  carried 
on  with  high  precision  over  such  laree  areas  as  to  contnbute  to  form  a  basis  for 
determining  the  aze  and  shape  of  the  earth,  becomes  a  department  of  Oeodeiic 
Svneymg. 

It  is  not  deemed  appropriate  to  include  in  this  work  a  complete  treatise  on 
marine  surreying.  T!\m  scope  of  this  chapter  will  be  to  set  forth  such  general  infoi^ 
mation  regarding  the  principles  of  surreymg  and  the  instruments  therein  employed 
u  will  ^re  the  navigator  an  intelligent  imderstanding  of  the  subject  sufficient  to 
enable  mm  to  comj)rehend  the  methods  by  which  marme  charts  are  made,  and,  if 
occa^on  should  arise,  to  conduct  a  suryey  with  such  accuracy  as  the  instruments 
ordinarily  at  band  on  shipboard  permit.  For  a  more  detailed  discusuon  of  marine 
sorreying,  the  student  is  referred  to  the  Tarious  publications  which  treat  the  subject 
exhanstiTely. 

XM BTK U MXNTB  SKFIiOTSD  IN  ICABINB  UUitVBYIIIQ. 

109.  Thb  Thbodoute  and  TsANsrr. — The  Theodoliie  (fig.  62)  is  an  instrument 
for  the  accurate  measurement  of  horizontal  and  vertical  angles.  While  tJiese  instru- 
ments vary  in  detail  as  to  methods  of  construction,  the  essential  prindples  aie  always 
identical. 

A  telescope  carrying  crosshairs  in  the  common  focus  of  the  object  glass  and 
eyepiece  is  'so  mounted  as  to  have  motion  about  two  axes  at  right  angles  to  one 
aiwther;  graduated  circles  and  verniers  are  provided  by  which  angular  motion  in 
admoth  and  (usuaUy)  in  altitude  may  be  measured;  and  the  instrument  is  capable 
of  such  adjustment  oy  levels  that  tHe  pl&nes  of  motion  about  the  respective  axes 
will  correspond  exactly  with  the  horizontal  and  the  vertical. 

ThB  telescope  is  carried  in  appropriate  supports  upon  a  horizontal  plate  which  ' 
has,  immovably  attached  to  it,  one  or  more  verniers,  and  which  revolves  just  over  a 
graduated  circle  that  is  marked  upon  the  periphery  of  a  second  horizontal  plate,  a 
means  of  measoring  the  motion  of  the  upper  plate  relative  to  the  lower  one  beii^ 
thus  provided.  Thumb  screws  are  fitted  by  Which  the  upper  j>late  may  be  clamped 
to  the  lower,  and  (excepting  in  some  simpler  forms  of  tne  instrument)  others  by 
^lich  the  lower  plate  may  m  made  immovable  in  aamnth,  or  allowed  free  motion, 
at  will;  all  clamping  arrangements  include  slow-motioa  tangent  screws  for  finer 
control. 

A  vertical  graduated  circle,  or  arc,  with  a  vernier,  clamps,  and  tangent  screws, 
is  fitted  to  nunt  theodolites,  for  the  measurement  of  the  angular  motion  of  tHe  tele- 
Kope  in  altitude. 

The  theodolite  usually  carries  a  magnetic  needle,  with  a  graduated  circle  and 
Temier  for  compass  bearings.  The  instrument  is  moimted  upon  a  tripod,  and  levels 
and  leveling  strews  afford  a  means  of  bringing  ihe  instrument  to  a  truly  horizontal 
position. 
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The  TraTuit  used  in  surveyiDg  is  a  modified  form  of  the  theodolite,  and  is 
generally  employed  vhere  lees  accuracy  is  required;  it  takes  its  name  from  the  fact 
that  the  telescope  may  be  turned  completely  about  its  horizontal  axis,  or  traTteiied, 
without  remoTal  from  its  supports. 

410.  The  li7i£  ofcoUimaiion  of  a  telescope  is  an  ima^^air  line  passing  through 
the  optical  center  of  the  object  glass  in  a  direction  at  right  angles  to  that  of  its  axis  of 
rotation.    This  is  also  called  the  axis  ofcoUimaiion,    The  line  of  sight  ia  an  imaginary 

Ime  passing  through  the 
optical  center  of  the  ob- 
ject glass  and  the  point 
of  intersection  of  the 
cross  hairs. 

A  theodolite  or 
transit,  before  it  can  be 
used  for  the  accurate 
measurement  of  angles, 
must  be  in  adjustment 
in  the  following  re* 
spects:  (a)  The  vertical 
axes  of  revolution  tA 
the  upper  and  lower 
horizontal  plates  must 
be  coincident;  (h)  the 
axis  must  be  vertical 
and  the  plates  horizon- 
tal when  the  bubbles  <A 
the  levek  are  in  their 
central  positions;  (e) 
the  vertical  cross  hair 
must  be  perpendicular 
to  the  horizontal  axis  of 
the  telescope;  (d)  the 
line  of  coUimation  must 
coincide  with  the  line  of 
toAt;  (e)  the  horizon- 
td  axis  of  the  telescinxi 
must  be  perpendicular 
to  the  vertical  axis  of 
the  instrument;  (/)  the 
bubble  of  the  telescope 
level  must  stand  at  the 
middle  of  its  scale,  and 
the  vertical  circle  must 
read  zero,  when  the  line 
of  coUimation  is  hori- 
zontal. 

The  last-named 

condition  may  be  diare- 

Fio.  SI.  garded  if  vertical  angles 

are  not  to  be  measured. 

411.  Hie  instrument  being  in  adjustment,  to  observe  angles  it  should  be  set 
up,  leveled,  and  focused.  This  involves  placi^  the  tripod  so  that  a  plumb  bob 
from  the  center  of  the  instrument  shall  hang  threctlv  over  the  spot  at  whidi  the 
measurement  is  to  be  made.  The  l^s  of  the  tripod  should  be  firmly  placed  in  such 
manner  that  the  height  shall  be  convenient  for  the  observer  and  the  instrument 
shall  be  nearly  level.  Then  the  horizontal  plates  are  brought  to  a  true  level  by 
means  of  the  leveling  screws  and  bubbles.  The  telescope  ^ould  next  be  focused 
by  moving  the  object  glass  and  eyepiece  in  such  manner  that  the  object  sighted 


r>' Google 


hashtb  suBTBiriNa.  191 

and  &e  croes  hairs  may  be  pUunl;^  seen  and  that  the  object  will  not  appear  to  have 
motion  relatiTely  to  the  croes  hams  as  the  eye  is  moved  to  the  right  or  Wt  of  the 
eyepiece.  This  last  coD4il^<>i>  insures  the  croeff  hairs  being  at  the  common  focus  of 
UB  ^epiece  and  objective. 

To  observe  a  horizontal  angle  wiih  a  theodolite  or  transit,  clamp  the  upper 
plate  to  the  lower  at  zero,  leaving  the  lower  plate  undamped;  swing  the  telescope 
■0  that  its  vertical  cross  hair  bisects  one  of  the  objects,  and  clamp  the  lower  plate; 
QDctamp  the  upper  plate  and  bring  the  telescope  to  bisect  the  other  object,  and  the 
Feadbg  of  the  vernier  on  the  scue  will  give  the  required  angle.  (The  nnal  nice , 
motion  by  which  the  croes  hair  is  brought  exactly  upon  a  point  is  always  given  by 
the  tangent  screw.) 

In  taldng  a  round  of  an^es,  this  operation  is  repeated  successively  upon  each 
object  to  be  observed  about  the  horizon,  the  upper  plate  ^l^^ays  being  swung,  while 
the  lower  is  kept  where  set  upon  the  first  object,  or  orujnn.  The  resuH  will  give  the 
angular  distance  of  eadi  object  from  the  origin,  and,  if  the  observations  have  been 
accurately  made,  upon  finally  sighting  back  to  the  origin,  the  reading  should  be  zero. 

To  repeat  an  angle,  having  made  the  first  measurement  of  it  in  the  usual  way, 
nnclamp  the  lower  circle  and  swing  back  the  telescope  until  it  again  points  to  the 
first  object,  and  clamp  it;  then  uncump  the  upper  circle,  swing  to  the  second  object, 
and  claJnp.  The  scale  reading  should  now  be  double  that  of  t£e  first  angle.  Repeat 
as  often  as  the  importance  ol  the  angle  requires,  and  the  accepted  value  will  be  the 
final  reading  divided  by  the  number  of  measiu-ements.  Afl  anelee  of  the  main 
biangulationj  and  others  of  importance  in  the  survey,  are  repeateoT 

Defects  in  adjusbnent  of  the  instrument  may  be  eliminated  by  taking  one 
scnes  of  angles  with  the  tdetetype  direct  and  another  with  the  telescope  reverted.  To 
nverse  the  telescope,  revolve  it  about  its  horizontal  axis  through  180°,  then  swing 
it  aboat  its  vertical  axis  through  180° — in  other  words,  invert  it. 

Vertical  angles  are  measured  on  the  same  principle  as  that  described  for  hori- 
sontal  ones. 

The  process  of  setting  up  the  Lostrument  at  a  station  and  observing  the  an^es 
between  the  various  objects  that  are  visible  is  called  oceupmng  the  station. 

412.  The  Piasb  Tabui.'— This  is  an  instrument  by  which  positions  ere  plotted 
in  ihe  field  directly  upon  a  working  sheet.  It  consists  (fig.  63)  of  a  drawing  board 
mounted  upon  a  tripod  in  such  manner  as  to  be  capable  of  motion  in  azimuth,  and 
vith  facilities  for  being  brought  to  a  perfect  level;  m  connection  with  it  is  employed 
on  alidade,  consisting  of  a  straightedge  ruler,  upon  which  is  mounted  a  teleecope 
wiUi  cross  hairs  whose  Une  of  sight  is  exactly  parallel  to  the  virtical  plane  through 
the  edge  of  the  rule.  It  is  evident  that  if  a  sheet  representing  a  chart  be  placed 
lipoQ  such  a  hoard  and  turned  so  that  the  true  meridians,  as  portrayed  thereon,  lie 
in  the  direction  of  the  earth's  meridian  at  that  place,  then  aU  lines  of  bearings  on 
tile  chart  will  coincide  with  the  corresponding  lines  on  the  earth's  surface;  from 
^uch  it  follows  that  if  the  alidade  be  so  placea  that  its  rule  passes  through  the  spot 
on  tile  chart  representing  the  position  of  the  observer,  while  the  telescope  is  directed 
to  some  visible  object,  the  position  of  that  object  on  the  chart  lies  somewhere  upon 
the  line  drawn  along  the  edge  of  the  rule.  Upon  this  general  principle  depend  the 
'Hkrious  applications  of  the  plane  table. 

'Hie  drawing  board  is  usually  made  of  several  pieces  of  weD-seasoued  wood, 
tongued  and  grooved  together,  with  the  grain  running  in  different  directions  to 
prevent  warping;  about  its  edge  are  several  metal  cUps  for  securing  the  paper  in 
place.  It  is  supported  upon  uiree  strong  brass  arms,  to  which  it  js  attached  by 
screws,  thus  pennitting  its  removal  at  will.  The  arms  are  attached  to  a  horizontal 
plate  which  revolves  upon  a  second  horizontal  plate  lying  immediately  below  it;  a 
clamp  and  tangent  screw  are  fitted,  by  which  the  upper  pbte,  and  with  it  Uie  draw- 
n«  board,  may  De  secured  to  the  lower  plate,  or  may  be  given  a  fine  motion  in  azimuth. 
Three  equidistant  lugs  of  brass,  grooved  on  the  under  side,  project  down  from  the 
lower  plate,  resting  on  screws  ia  the  top  of  the  tripod,  by  miicn  the  instrument  is 
leveled^  when  adjusted  in  this  respect  it  is  firmly  clamped  in  position,  and,  as  the 
tripod  IS  made  unusually  large,  the  adjustment  is  not  easily  deranged. 
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The  alidade  is  a  metal  straightedge  with  a  Tertical  column  at  its  center,  at  the 
top  of  which  are  the  supports  which  carrv  the  telescope;  a  vertical  arc  and  Tender 
are  provided  for  measuring  the  motion  of  the  telescope  ij\  altitude.  The  telescope 
is  usually  so  fitted  that  it  may  be  revolved  in  azimuth  through  an  arc  of  exactly  180°, 
for  the  purpose  of  adjusting  the  line  of  collimation.  _  On  top  of  the  rule  near  its  cMitra* 
is  the  level— sometimes  replaced  by  two  levels  at  right  angles — by  means  of  which  it 
may  be  seen  when  the  table  is  in  a  true  horizontal  position. 

A  magnetic  needle  mounted  in  a  rectangular  metal  box,  whose  outer  straight- 
edge is  parallel  to  the  zero  line  of  a  graduated  scale  over  which  the  needle  swings,  is 
provided  for  drawing  the  north-and-south  line  on  the  chart ;  this  is  called  a  det^ruttcnre. 


413.  To  be  in  correct  adjustment,  a  plane  table  must  comply  with  the  foDowing 
conditions: 

(a)  The  fiducial  edge  of  the  rule  must  be  perfectly  straight.  (f>)  The  level  must 
have  the  bubble  in  ita  central  position  when  the  table  is  tirdy  horizontal,  (c)  The 
vertical  cross  hair  must  be  perpendicular  to  the  horizontal  axis  of  the  telescope. 
id)  The  line  of  collimation  must  coincide  with  the  line  of  sight.  {«)  The  horizontal 
axis  of  the  telescope  must  be  parallel  to  the  plane  of  ^e  table.  (/}  The  vertical 
circle  should  read  zero  when  the  line  of  collimation  is  horizontal. 

414.  The  results  derived  from  the  use  of  the  plane  table,  like  all  others  dependent 
upon  graphic  methods,  must  be  regarded  as  less  accurate  than  those  deduced  by 
computation,  and  even  less  accurate  than  those  derived  from  the  careful  plotting  of 
theodolite  andles.  Hence  it  is  that,  in  a  careful  marine  survey,  this  mstnimeut 
would  be  employed  only  for  the  topography  and  shore  line. 

For  whatever  purpose  used,  the  plane  table  would  not  ordinarily  be  called  into 
requisition  until  the  survey  had  so  far  progressed  that  a  chart  could  be  fumiahed  the 
observer  showing  certain  stations  whose  positions  were  already  eatabli^ed;  with 
this  chart,  the  firat  step  would  be  to  occupy  one  of  the  determined  points.    The  table 
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nniBt  be  set  up  with  the  point  on  the  chftrt  directly  orer  the  cemter  of  the  Bta^D ;  it 
must  thea  be  IsTeled  and  the  tdeecope  focused  u  described  for  the  theodoUte  or 
tmsit;  And  finally  it  must  be  oriented — that  is,  so  turned  in  azimuth  that  all  lines  of 
the  chart  are  parulel  to  similar  lines  of  the  earth's  surfac&  To  orient,  unclamp  the 
table  and  swin^  it  until  the  north-and-aouth  line  of  the  chart  is  approximatelj 
pwallel  to  that  of  (iie  earth,  one  means  of  doing  which  is  afforded  by  the  declinatoire ; 
plkM  the  alidade  so  that  the  edge  of  the  rule  passes  through  the  points  on  the  chart 
rei«e8€nting  the  station  occupira  and  some  second  station  ^^ch  is  clearly  in  Tiev; 
tlun,  sighting  through  the  telescope,  perfect  the  adjustment  of  the  table  by  swinging 
it  imtfl  the  second  station  is  exactly  bisected  by  the  vertical  cross  hair,  the  final  slow 
motion  being  obtamed  by  clamping  the  table  and  working  the  tangent  screw.  If  tlie 
adjustmeot  has  been  correctly  maide,  the  rule  may  be  laid  along  me  line  joining  the 
sttlioa  occupied  and  any  other  on  the  chart,  and  the  telescope  will  point  ezacUy  to 
titat  oUier  station. 

Bong  properly  (»iented,  if  the  alidade  be  so  placed  that  the  edge  of  the  rule  pass 
tliroo^  tne  station  occupied  and  the  telescope  point  directly  to  some  unknown 
object  whoBO  position  is  to  be  determined^  then  a  line  drawn  along  the  rule  will 
contain  the  point  which  represents  the  position  of  that  object.  If,  now,  the  plane 
table  be  set  up  at  a  second  station,  oriented  for  its  new  position,  and  a  line  be  similarh^ 
drawn  firom  that  station  toward  the  one  to  be  established,  it  wiQ  intersect  the  first 
fine  in  the  required  point.  This  is  the  method  of  detenninii^  poeitioDS  by  proaeetion. 
Aetoally,  the  surre^xv  does  not  regard  the  point  as  well  established  unm  the  inters 
Bsetkin  is  checked  oy  a  line  from  a  third  station. 

In  practical  work,  of  course,  each  station  is  not  occupied  separatdy  tat  the 
dettKimnation  of  each  point;  the  instrument  is  set  up  at  a  station,  Bnee  are  drawn 
to  all  required  pcnnts  in  view,  and  each  line  is  appropriatdy  mariEcd;  then  a  second 
BtaticMi  is  occupied,  and  the  operation  is  repeated,  and  so  on,  the  rarious  intersections 
being  marked  as  the  work  proceeds. 

A  second  method  of  establishing  positions  is  that  c^  rtucAon;  in  this  the  first 
fine  is  drawn  from  B<mie  known  staticm,  as  in  the  preceding  method,  and  theobserrer 
next  proceeds  to  the  place  whose  posititm  is  required  and  occupies  it;  t^e  pluie  table 
ia  Uuoe  cviented  by  means  of  the  line  already  drawn,  placing  the  edge  of  the  role 
ikmg  the  hoa,  sitting  back  toward  the  first  station,  and  swinging  the  table  imtU 
that  station  is  in  the  line  of  si^t  of  the  telescope;  then  choose  some  other  established 
station  as  nearly  as  possible  at  right  an^es  to  the  direction  of  the  first:  place  the 
edfe  of  the  rule  upon  the  plotted  position  of  this  station  and  swing  the  alidade  (the 
rale  always  bein£^  kept  on  the  plotted  point)  until  the  object  is  bisected  by  the 
tdeecope  cross  hairs;  draw  this  line,  and  its  intersection  witn  the  first  will  give  the 
nqnired  point,  the  accuracy  of  which  can  be  checked  from  some  other  plotted  station. 

A  third  method  of  locating  a  point  is  by  means  of  a  single  bearing  from  a  Imown 
station,  with  the  distance  from  the  occupied  station  to  the  required  one,  the  process 
of  plotting  being  self-evident. 

A  fourth  method  is  given  by  occupying  an  undetermined  ptoeition  from  Triiich 
tiiree  established  stations  are  in  view;  the  point  occupied  by  the  obserr^  is  tiien 
jotted  by  an  application  of  the  "three-point  problem." 

115.  It  may  be  seen  that  where  the  great^t  accuracy  is  not  essential  the  plane 
table  may  be  employed  for  plotting  all  the  points  of  a  survey.  In  such  a  case  it  would 
mly  be  necessaiy  to  b^in  with  die  two  base  stations,  plotted  on  the  sheet  on  any 
tdafive  bearing  whatsoever  and  at  a  distance  apart  equal  to  the  length  of  the  base 
fine  (reduced  to  scale),  as  measured  by  the  most  accurate  means  available,  'tha 
woik  of  plotting  mi^ht  even  proceed  before  the  base  line  had  been  measured,  the 
^0  stations  bemg  laid  off  at  any  convenient  distance  apart;  when  later  the  base 
Imewaa  measured,  the  scale  of  una  chart  would  ba  determined,  being  equal  to  the 
distance  on  the  chart  between  base  stations  divided  by  the  length  of  the  base  line. 

416.  A  plane  table  could  be  improvised  on  shipboard  which  would  greaUy 
ncihtate  the  operation  of  any  surveying  work  that  a  vessel  not  equipped  with 
inetnimenta  mimt  be  called  upon  to  periorm.  A  drawing  board  could  be  mounted 
upon  a  tripod  (as,  for  example,  the  tripod  supplied  for  compass  work  on  shore)  in 
BQoh  manner  as  to  be  capable  of  motion  m  azimuth;  it  could  be  brought  nearfy  to  the 
ucsizontal,  if  no  better  means  offered,  by  moving  the  tripod  legs,  and  this  adjust* 
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ment  coold  be  proved  by  any  small  spirit  level;  si^^t  vanes  could  be  erected  upon 
an  ordinary  ruler  to  take  the  place  of  the  alidade:  in  case  t^rav  was  difficulty  in 
observing  any  object  with  such  an  alidade,  because  of  its  altitude  or  for  other  reasons, 
a  horizontal  angle  mi^t  be  observed  with  a  sextant  and  plotted  with  a  prob-actor. 
By  this  means  work  could  be  done  which,  even  if  it  should  lack  complete  accuracy, 
might  be  of  great  value. 

417.  The  Telemeteb  Ain>  Stadia. — ^Any  telescope  fitted  with  a  pur  of  hori- 
zontal cross  hairs  at  the  focus  may  be  used  as  a  telemeter,  and  when  accompanied 
by  a  graduated  stafF,  called  a  stadia,  affords  a  means  of  measuring  distance  (up 
to  certoin  limits)  with  a  close  degree  of  accuracy;  the  method  consists  in  observing  . 
the  number  of  divisions  of  the  scale  subtended  by  the  hairs  when  ihe  stadia 
is  held  perpendicular  to  the  line  of  sight  of  the  telescope,  it  being  evident 
that  the  clceer  the  distance  the  fewer  divisions  will  appear  between  th^n.  The 
facility  with  which  distances  can  bo  measured  by  this  method  mdiee  it  most  important 
that  all  telescopes  of  theodoUtes,  transits,  uid  plane  tables  be  fitted  as  telemeters 
and  that  stadia  rods  be  provided  for  all  surveying  work. 

Speaking  approximately,  it  may  be  said  that  the  number  of  divisions  intercepted 
between  the  cross  hairs  will  vary  directlv  as  the  distance  of  the  stadia  rod.  Thia 
would  be  exactly  true  if  we  looked  at  the  object  through  an  empty  tube,  direcUy 
between  the  hairs.  Since,  however,  the  rays  from  the  stadia  are  raracted  by  the 
object  glass  before  they  are  intercepted  by  the  wires,  the  statement,  to  be  absomtet^ 
exact,  must  be  sli^tly  modified;  but  for  practical  surveying  work  it  may  be  accepted 
as  given. 

418.  There  are  two  methods  of  installing  the  telemeter  cross  hairs — the  first,  in 
which  they  are  immovably  secured  in  the  telescope  and  always  remain  at  the  same  dis- 
tance apart,  and  the  second,  in  which  the  distance  of  the  cross  haits  is  made  variable, 
being  under  the  control  of  the  observer.  The  former  is  generally  regarded  as  the 
preferable  method,  and  when  it  is  emploved  it  is  evident  that  the  subtended  height 
of  the  stadia  bears  a  constant  ratio  to  tne  distance  of  the  staff  from  the  telescope. 
It  proves  most  convenient  in  practice  to  space  the  hairs  so  that  this  constant  ratio 
is  some  even  multiple  of  10,  for  fscility  in  converting  scale  readings  into  distance; 
it  is  also  advantageous  to  mark  the  stadia  in  the  unit  of  the  chart  scale  and  decimals 
thereof;  for  example,  if  the  ratio  of  stadia  height  to  distance  were  100,  and  the 
stadia  were  markra  in  meters  and  decimals,  a  reading  of  2.07  would  at  once  be  con- 
verted into  a  distance  of  207  meters.  Any  units  and  any  ratio  may,  however,  be 
employed,  and  for  any  given  setting  of  cross  hairs  it  is  veij  easy  to  graduate  a  stadia, 
by  experiment,  for  any  desired  units;  for  example,  if  it  is  required  to  mark  the 
stadia  in  feet,  set  up  and  level  the  telescope,  measure  off  a  distance  of  exactly  100 
feet  from  it,  hold  up  an  unmarked  staff  and  mark  upon  it  the  points  intersected  by 
the  cross  hairs;  the  interval  between  these  marks  wiU  represent  100  feet  of  the 
scale;  divide  this  length  into  100  parts,  each  of  which  will  represent  a  distance  <rf 
one  foot,  and  mark  the  whole  staff  on  the  same  scale:  then  if  the  stadia  be  held  up 
at  any  distimce,  the  cross  hairs  wUl  intercept  a  number  of  divisions  corresponding 
to  the  number  of  feet  of  distance. 

When  the  cross  hairs  are  movable  the  ratio  becomes  variable,  but  the  principle 
of  measuring  remains  the  same — namely,  the  distance  of  the  staff  from  the  telescope 
ia  equal  to  the  existing  ratio  multiplied  by  the  distance  intercepted  on  the  scale. 

419.  The  stadia  is  made  of  a  light,  narrow  piece  of  wood  and  is  usually  hinged 
for  convenience  in  transporting.  Ordinarily  the  background  of  the  scale  is  painted 
white,  while  the  main  divisions  are  marked  in  red,  with  minor  divisions  in  black, 
and  geometrical  figures  are  employed  to  facihtate  the  reading  of  fractional  parts  of 
tie  scale.  Devices  are  furnished  by  which  the  man  holding  the  stadia  may  know 
when  it  is  vertical — an  essential  condition  for  accuracy  of  measurements. 

420.  The  use  of  the  telemeter  and  stadia  for  measuring  distances  is  limited  to 
the  distance  at  which  the  scale  divisions  can  be  accurately  read  through  the  tele- 
scope. For  fairiy  close  work  and  with  the  class  of  telescope  usually  supplied  with 
surveying  instruments,  400  meters  represents  about  tho  greatest  distance  at  which 
it  can  be  employed.  With  this  limitation,  the  character  of  the  survey  determines 
the  nature  of  its  employment.  In  a  careful  survey  its  greatest  use  would  be  in 
connection  with  the  theodolite  or  plane  table  in  putting  in  shore  lines,  contour  lines, 
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ind  topography  goierall;.  In  a  Burrey  where  only  approximate  results  are  sou^t 
it  might  afford  the  beet  meana  for  the  measurement  of  the  base. 

^1.  If  the  telemeter  be  applied  to  a  theodohte,  transit,  or  plane  table  which  is 
fitted  with  a  graduated  Tertical  arc  or  circle,  it  ia  possible  to  measure  the  distance  to 
the  stadia  not  only  in  a  horizontal  but  also  in  a  rertical  direction.  In  this  case  the 
vertical  angle  must  be  observed  as  welt  aa  the  stadia  reading.  Tables  are  computed 
giving  the  solution  of  the  triangles  involved  when  the  stadia  rod  ia  held  vertical. 

422.  In  making  a  survey  with  the  ordinary  resources  of  a  ship,  the  principle  of 
the  telemeter  and  stadia  may  be  profitably  employed,  using  a  sextant  and  improvked 
staff.  In  this  case  it  is  usual  to  have  the  stadia  of  some  convenient  fixed  length — 
as,  for  example,  10  feet — and  of  alight  width  and  thickness;  tiiis  is  held  at  right 
ta^es  to  the  line  of  sight  from  the  observer,  who  notes  the  angle  subtended  by  the 
total  length;  tables  are  prepared  by  which  the  distance  corresponding  to  each  angle 
is  given. 

123.  The  SEXTAirr. — This  instrument  is  of  the  greatest  value  in  hydro^aphlc 
mrveying.  It  is  fully  described  elsewhere  in  this  work  and  its  adjustment  exmained. 
(Chap.vni.) 

Sextants  are  manufactured  of  a  form  especially  adapted  to  surveying  work; 
they  are  smaller  and  lighter  than  those  usually  employed  in  astronomical  observa- 
tions, but  have  a  longer  limb,  by  which  angles  may  be  measured  up  to  135°;  the 
vernier  is  marked  for  quick  reading  and  has  no  finer  graduation  than  half  minutes; 
the  telescope  has  a  large  field. 

This  instrument  is  principally  employed  in  measuring  the  horizontal  angles  by 
means  of  which  soundings  are  plotted.  It  may,  however,  be  put  to  various  uses  when 
making  an  approximate  survey,  as  has  already  been  explained.  It  should  be  remem- 
bered, in  measuring  terrestrial  angles  with  a  sextant,  that  rigorous  methods  require 
t  reduction  to  the  norizontal  if  either  of  the  objects  has  material  altitude  above  the 
horizon. 

424.  The  Level. — This  is  an  instrument  for  the  accurate  measure  of  differences 
ot  elevation.  It  consists  of  a  telescope,  carried  in  a  Y-shaped  rest,  which  is  mounted 
opon  a  tripod  and  leveled  in  a  maimer  similar  to  a  theodohte;  but  it  differs  from  that 
imtrument  in  that  the  telescope  is  not  capable  of  morion  about  a  horizontal  axb 
and  in  having  no  graduated  circles  for  measurements  of  altitude  and  azimuth.  The 
principle  of  its  use  contemplates  placing  the  line  of  collimation  of  the  telescope  in  a 
truly  horizontal  plane  and  Iteeplng  it  so  fixed. 

425.  It  is  principally  employed  in  marine  surveying  to  determine  heights  and 
contour  lines — the  latter  being  lines  of  equal  elevation  above  the  sea  level — and  for 
locating  bench  marks  for  tidalobservations.  (Chap.  XX.)  In  connection  with  it  is 
iised  a  graduated  staff  called  a  Uvelijig  rod,  carrjdng  a  conspicuous  mark,  adjustable 
in  height,  colled  a  taraet.     To  ascertain  the  difference  of  level  between  any  two 

E>iiits,  sot  up  the  level  with  the  telescope  horizontal  at  some  place  between  them; 
t  an  asdstant  take  the  leveling  rod  to  one  of  the  points,  and,  while  holding  it  on  the 
ground  in  a  truly  vertical  posirion,  move  the  target,  under  the  direction  of  the 
observer  at  the  telescope,  to  a  point  where  it  is  exactly  bisected  by  the  horizontal 
cross  hair;  the  height  of  the  target  on  the  staff — that  is,  the  height  of  the  cross  hair 
above  the  level  of  the  first  pomt — is  then  accurately  read  with  a  vernier;  now, 
without  movii^  the  level,  shift  the  rod  to  the  second  point  and  again  adjust  the 
target  and  read  it.  It  is  evident  that  a  comparison  of  the  reading  at  the  first  posi- 
tion with  that  at  the  second  wUl  give  the  difference  of  height  at  the  two  pomts. 
The  difference  that  can  be  road  from  one  location  of  the  instrument  is  limited  by 
the  length  of  the  rod;  but  by  making  a  sufficient  number  of  shifts  any  difference 
niay  be  measured. 

The  work  of  the  level  may  be  performed  equally  well  by  a  theodolite  whose 
tdtecope  is  adjusted  to  the  tme  horizontal. 

426.  Hbuothope  and  Heliograph. — These  are  instruments  sometimes 
employed  in  surveying,  by  means  of  which  the  sun's  rays  may  be  reflected  in  an^ 
givua  direction;  the  object  of  thnir  use  is  to  render  conspicuous  astation  which  is 
to  be  observed  at  a  distance  and  which  would  not  otherwise  be  distinguishable. 
The  instruments  vary  widely  ia  form  of  construction  and,  in  the  absence  of  those 
made  for  the  purpose,  substitutes  may  easily  be  devised. 
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437.  AsTBONOmoAL  Tranbit  iKSTBmtEHTs. — ^Various  inatruments  are  employed 
for  the  astronomical  determinations  necessary  in  a  marine  surrer.  Among  these  are 
the  zenith  telescope  and  portable  tratuit.  While  differing  in  detail  they  consist  essen- 
tially of  a  telescope  mounted  upon  a  horizontal  axis  that  is  placed  truly  in  the  prime 
vertical,  thus  inaunng  the  revolution  of  the  line  of  collimation  in  the  meridian;  a 
vertical  graduated  circle  and  vernier  are  supplied,  affording  a  measure  of  altitude; 
in  the  focus  are  a  number  of  equidistant  vertical  cross  haiis  or  lines:  a  small  lamp 
is  so  placed  that  its  rays  illuminate  the  cross  hairs  and  render  posable  observations 
at  sight.  Latitude  is  obtained  by  observing  the  meridian  altitude  of  stars;  hour 
angle  (and  thence  longitude)  by  observing  the  times  of  their  meridian  transit,  which 
is  taken  from  the  mesn  of  the  times  of  passing  all  of  the  vertical  cross  hairs. 

Kzcepting  in  survevs  of  a 
most  accurate  nature,  tne  astro- 
nomical determination  of  position 
by  the  sextant  and  artificial  hori- 
zon is  regarded  as  satisfactory. 

428.  The  Thbbb-Asmxd 
Pbotbaotos,  ok  Station 
PoiHTBB. — This  is  an  instrument 
whereby  positions  are  plotted 
on  the  principle  of  the  three- 
point  problem^"  of  which  an  ex- 
^anation  is  given  in  article  152, 
Chapter  IV.  It  consists  (fig.  64) 
of  a  graduated  circle  with  tiiree 
arms  pivoted  at  the  center;  each 
arm  has  one  edge  that  is  a  true 
rule,  the  direction  of  which  t^ways 
passes  through  the  centw  of  the 
circle.  The  middle  arm  is  immoT- 
abfy fixed  at  the  zero  of  the  scale; 
the  right  and  left  arms  each  re- 
volve about  the  center  on  their 
own  eidoB,  and  are  provided  with 
verniers  giving  the  angular  dis- 
tance from  the  middle  arm.  The 
protractor  being  set  for  the  ri^t 
and  left  angles,  it  is  so  moved  that 
the  three  arms  pass  through  the 
respective  stations,  when  the  cen- 
ter marks  the  position  of  the  ob- 
server. Center  pieces  of  various 
forms  are  provided,  being  cylin- 
drical plugs  made  to  fit  into  a 
socket  at  the  pivot,  and  by  em- 
ploying one  or  the  other  of  them 
Fio.u.  the  true  center  may  be  pricked 

with  a  needle,  dotted  with  a  pen- 
cil, or  its  position  indicated  by  cross  hairs.  Adjustable  arms  are  provided  which 
can  be  fitted  to  the  ends  of  tne  ordinary  arms  when  working  with  distant  signaJs. 

The  most  vaiuable  use  of  the  three-armed  protractor  is  in  plotting  the  positions 
of  sbundings  taken  in  boats,  where  sextant  angles  between  signals  are  ooserved. 
It  may  occur,  however,  that  certain  shore  stations  will  be  located  by  its  use. 

429.  As  this  instrument  is  not  made  with  both  right  and  left  arms  capable  of 
being  set  to  small  angles  down  to  0°,  the  manufacturers  make  protractors  mth 
either  small  right  or  small  loft  angles,  Sm^eyin^  parties  should  be  equipped  with 
both.  In  default  of  a  three-armedprotractor,  a  piece  of  tracing  paper  may  oe  made 
to  answer  ita  purpose.  To  use  the  tracing  paper,  draw  a  line,  making  a  dot  on  it 
to  represent  the  center  station,  and  with  the  center  of  an  ordinary  protractor  on 
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the  dot,  lay  off  the  two  obBerred  ai^eB  right  and  left  of  the  line;  then,  laying  this 
on  the  plan,  move  it  about  till  the  three  Unes  paaa  exactly  throng  the  three  stations 
observed.  Thedotfrom  which  they  were  laid  off  will  be  on  the  position  of  theobserver, 
md  must  be  pricked  li^tly  throu^  or  mwked  underneath  in  pencil. 

430.  Tbs  BbamComtass.— This  inBtrmnent  (fig.  65)  is  employed  m_  chart 
drafting  and  performs  the  functions  of  compasses  and  dividers  when  the  distance 
that  most  be  spanned  is  beyond  the  limits  of  tliose  instruments  in  their  ordinary 
form.    It  consists  of  an  angular  bar  of  wood  or  metal  upon  which  two  instruments 
tamed  beam  heads  are  fitted  in  such  a  manner  that  the  bar  may  slide  easily  through 
them.    A  clamping  screw  attached  to  one  side  of  the  beam  head  will  fix  it  in  any 
part  of  its  courseSong  the  beam.    Upon 
each  head  a  socket  is  constructed  to  carry 
a  plain  point,  exchangeable  for  an  ink  or  a 
Dtficil  point.      To  secure  accuracy  the 
beam  head  placed  at  the  end  of  the  beam 
haa  a  fine  adjustment,  which  moves  the 
point  a  short  distance  to  correct  any  error 
m  thtf  first  n>^i  setting  of  the  instrument. 
This    adjustment    generally 
consbts    of    a    miBed-head 
screw,  which  passes  throu^ 
a  nut  fixed  upon  the  end  of 
the  beam  head,  which  it  car- 
ries with  its  motion. 

481.  Pbopobtional 
Dtvidbbs. — ^These  are  prin- 
cipally employed  for  reduc- 
ii^  or  enlarging  drawii^  in 

any  given  proportion.    They  fm,  oj, 

consist  (fig.  66)  of  two  narrow 

flat  pieces  of  metal  called  Uga,  frtilch  turn  upon  a  pivot  whose  position 
is  movable  in  the  direction  of  their  length.  The  ends  of  both  I^s  are 
shaped  into  points  like  those  of  ordinary  dividers.  When  the  pivot  is 
fixra  at  the  middle  of  the  legs,  any  distance  measured  by  the  points 
at  one  end  is  just  equal  to  &at  measured  by  those  at  the  other;  for 
any  other  location  of  the  pivotj  however,  the  distances  thus  measured 
will  not  be  equal,  hut  with  a  given  settii^  of  the  pivot  any  distance 
measured  by  one  end  bears  a  fixed  ratio  to  that  measured  by  the  other. 
The  path  of  travel  of  the  pivot  is  graduated  so  that  the  ratio  may  be 
given  any  desired  value.  Being  adjusted  in  this  respect,  if  a  distance 
IB  taken  off  a  chart  with  the  legs  at  one  end  of  the  instrument,  then 
those  at  the  other  end  will  show  the  same  distance  on  the  scale  of  a 
chart  enlarged  or  reduced  in  the  proportion  represented  by  the  ratio 
for  which  the  pivot  was  set! 

HKTJIODB  SKPLOYKD  IN  A  HTDBOO&AIHIO  8U&VBY. 

432.  Before  commencing  a  survey  a  general  inspection  of  the  field 

is  made;  a  h<ue  Um  is  located  and  its  extremities  marked  by  sianaU; 

certun  other  poeitions,  known  as  main  trianffulation  pointtj  are  selected 

na.  u.       and  also  marked  with  signals,  being  so  chosen  that,  startmg  with  the 

base  and  proceeding  thence  from  one  to  another  of  these  points,  a 

aaries  of  well-conditioned  tjiaogl^  or  quadrilaterals  may  cover  the  field  ol  survey. 

The  base  line  is  measured  with  the  greatest  d^ree  of  accuracy  which  the  resources 

of  the  survey  render  possible.    Each  extremity  of  the  base  line  and  each  other  main 

triangulatton  point  ia  occupied  by  an  observer  with  a  theodoUte,  who  measures  the 

ta^es  at  each  station  between  all  the  other  stations  which  are  in  sight.    An  aatro- 

nmiaU  determination  is  made  of  the  latitude  and  longitude  of  some  point  of  the 

snrvey  (frequently  one'  of  the  extremities  of  the  base)  and  of  the  true  azimuth  of 

some  known  line  (frequently  the  base  line).    Data  are  now  at  hand  for  the  locaUon 

apcm  the  chart  of  the  oase  fine  and  main  triangulation  points.  r^  t'^t'^a  \r 
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If  the  survey  is  one  of  considerable  extent,  it  is  eicpedient  to  measure  a  tSiedt  hate 
near  the  end  of  the  triangulation.  A  comparison  between  the  measured  length  of 
this  base  and  its  length  aa  computed  through  the  chain  of  triangles  will  show  the 
degree  of  accuracy  and  afford  a  means  of  reconciling  discrepancies.  The  position  of 
a  second  observation  spot  may  be  determined  for  a  similar  purpose. 

The  frimary  triangvlaiAon  gives  a  skeleton  of  the  field,  but  the  points  thus 
determined  are  not  usually  close  enough  together  to  afford  a  basis  for  all  the  detail 
work  that  must  be  done.  A  second  system  of  points  is  therefore  selected  and  signals 
erected  thereon,  and  the  position  of  these  points  is  determined  by  a  series  of  angles 
from  the  main  triangulation  points  and  from  one  another.  This  is  known  as  the 
secondary  tnaiMvlation.  The  points  thus  located  are  Used  in  the  plotting  of  the 
topography  ana  iiydro^phy.  It  is  not  ees^Ltial  that  thdr  determination  be  as 
accurate  as  that  of  main  triangulation  points. 

The  topography  is  put  in,  and  includes  the  delineation  of  the  features  of  tike 
land — shore  One,  lighthouses,  beacons,  contour  lines,  peaks,  buildings,  and,  in 
shorty  eTerything  that  may  be  recognized  by  the  navigator  and  utilizea  by  him  in 
locatmg  the  ship^s  position. 

Tl^  hydrographic  work  is  taken  up  and  the  depth  of  water  and  character  oi 
bottom  determined  as  accuratoly  as  possible  for  the  complete  water  area,  especial 
care  being  taken  to  develop  all  shoals  and  dangers  to  Qavigation  and  to  locate  all 
aids  to  navigation,  such  as  buoys,  lightships,  and  beacons. 

One  or  more  ^dal  utatioiu  are  established  where  observations  are  taken,  con- 
tinually and  at  frequent  intervals,  of  the  height  of  the  tide  and  direction  and  vdocitv 
of  the  tidal  and  other  currents,  whence  data  are  derived  tor  the  redaction  of  all  sound- 
ings to  the  plane  of  reference  and  for  the  information  about  tides  and  curraits  which 
is  to  appear  upon  the  chart. 

ObservatKois  are  made  to  determine  the  magnetie  variation  and  dip,  and  the 
.  intensity  of  the  earth's  magnetic  force. 

433.  The  foregoing  represent,  in  outline,  the  various  steps  that  must  be  taken 
in  the  accumulation  of  the  data  necessary  for  the  construction  of  a  complete  hydro- 
grapUc  chart.  In  the  following  paragraphs  the  details  of  the  various  operations  wiU 
be  more  fully  set  forth. 

The  navigator  who  is  called  upon  to  conduct  a  marine  survey  without  havinf 
available  the  tune,  instruments,  and  general  facilities  necessaiy  for  the  most  thorough 
performance  of  the  work  must  exercise  his  discretion  as  to  the  modificatiohs  of  method 
that  he  will  make,  and  call  upcm  his  ingenuity  to  adapt  his  means  to  the  particular 
work  in  hand. 

434.  Thb  Basb  Linb. — As  the  base  line  is  the  foimdation  for  all  distances  on 
the  chart,  the  correctness  of  the  results  of  the  surv^  will  dep^d  lugely  upon  the 
degree  of  accuracy  with  which  it  is  measured.  The  triangulation  m^ely  uForda  a 
measure  of  the  various  distances  as  compared  with  the  distances  between  the  two 
initial  points  from  which  it  b^an;  if  that  initial  distance  is  1,000  feet,  we  have  cer- 
tain values  for  the-sidea  of  the  various  triangles;  if  the  same  base  line  is  2,000  feet, 
the  value  of  each  side  becomes  twice  as  great  as  it  was  b^ore;  with  the  same  triangu- 
lation, therefore,  distances  vary  direcUy  with  the  length  of  the  base  line;  it  may 
thus  be  seen  that  if  an  error  exists  in  measurement  miich  is  only  a  small  fraction 
of  the  total  length,  the  error  will  become  much  more  material  aa  the  more  distant 

Kinta  of  the  survey  are  reached.  In  a  base  line  1,000  feet  long,  if  a  mistake  of  10 
it  be  made  all  distances  measured  upon  the  chart  wiU  be  in  error  1  per  cent,  and 
a  }>oint  plotted  b^  triangulation  10  miles  from  the  observation  spot  (t^e  point  at 
which  plotting  begins),  would  be  out  of  its  correct  position  one-t«ith  of  a  nme. 

It  is  important  that  the  base  line  should  be  as  long  as  possible,  consistent  with 
the  distribution  and  distances  between  the  surrounding  objects  which  must  be 
depended  upon  as  triangulation  stations  for  ite  expansion.  The  position  of  the  line 
must  be  such  as  to  afford  favorably  conditioned  triangles  and  quadrilato'als  with 
adjoining  main  triangulation  points,  and  its  extremities  must  be  visible  from  those 
pomts  and  from  each  other.  The  character  of  the  ground  and  the  facility  ftn*  meas- 
uring win  of  course  form  an  important  consideration  in  the  choice. 

436.  In  measuring  a  base  by  tape,  chain,  or  similar  means,  a  number  of  suo- 
cessive  fleete  are  made  with  the  measure,  whatever  ite  nature,  the  distance  taravened 
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bong  appropriately  matfced  after  each  fleet,  while  an  obserrer,  with  a  theodolite  or 
transit,  msuree  the  measuremeat  being  made  accurately  along  the  line. 

43G.  The  most  careful  measurementa  are  made  with  a  steel  tape  300  feet  long, 
stretched  along  a  series  of  supports  at  equal  intM-rals  along  the  base  line,  the  pointe 
of  support  being  made  exactly  horizontal  bv  a  level.  A  good  form  of  support  is  a 
stake  driven  Tt^cal  witJi  one  side  on  the  base  Une  and  a  nail,  for  supporting  the 
tape,  driven  horizontally  into  the  stake  at  the  established  level.  The  stakes  falling 
at  tiie  ends  of  tape  lengths  should  be  set  slightly  less  than  300  feet  apart,  sawed  off 
at  the  eetablishea  levd,  and  have  strips  of  zinc  tacked  on  their  tops.  The  end  of 
each  fleet  is  marked  by  a  scratch  mark  cut  in  the  strip  of  zinc  at  an  even  hundredth 
of  a  footHiivision  on  tne  tape,  and  the  correeponding  tape  reading  recorded.  Tapes 
for  baae-Une  measurement  are  usually  eulxuvided  to  hundredths  of  a  foot  for  a 
distance  of  10  feet  from  each  end  of  the  tape.  The  tape  is  stretched  to  a  uniform 
tension  by  a  spring  balance.  The  temperature  of  the  tape  at  each  fleet  should  be 
observed,  and  the  mean  temperature,  for  the  entire  measurement  of  the  base  deduce. 
Tapes  for  base-line  measurements  are  usually  standardized  lying  flat,  and  at  a 
temperature  of  62°  Fahrenheit.  To  reduce  the  measured  length  of  the  base  line 
to  the  true  length  the  following  corrections  to  the  measured  length  must  be  appUed: 

Temperature  correction  Ct—  +(«Tm— To)  L, 
where     ^^coefficient  of  expansion. 

Tn^iuean  temperature  at  measurement. 
Tft—standard  tempeo^tuie. 
L°- measured  length. 

Correction  for  sag  Ck——24{T')  ' 
where     L  —  measured  length. 

w— weight  per  inch  of  tape. 

d- distance  between  supports  in  inches.  . 

P  =  tension  in  pounds. 

By  this  method  of  measurement  the  horizontal  distance  between  the  ends  of 
ttie  base  line  may  be  readily  found  to  within  1  part  in  250,000,  and  by  application 
of  superior  apparatus,  of  several  measures,  and  greater  care — hence,  at  an  increased 
cost — the  probable  uncertainty  may  be  reduced  to  1  part  in  500,000,  but  this  degree 
of  accuracy  would  not  be  necessaiT  except  in  very  extended  systems  of  triuigulation. 

437.  A  second  method  of  base  measurement  is  with  the  surrevor^  chain. 
This  depends  for  accuracy  upon  the  surface  traversed  being  ^lone  and  level,  a  con- 
dition mat  is  well  fulfilled  on  a  sandy  beach,  where  the  cham  is  nearly  as  accurate 
■8  the  tape  and  much  more  rapid.  A  surveyor's  chain  is  usually  100  feet  long;  the 
exact  vanie  of  its  length  must  be  obtained  by  comparison  with  a  standard,  and  a 
correction  applied  for  e^ansion  or  contraction  due  to  temperature.  The  ends  of 
the  fleets  are  marked  by  steel  pins  driven  into  the  ground ;  the  alignment  is  kept 
t^  the  theodolite. 

438.  Where  neither  chain  nor  tape  is  available  substitutes  may  be  improvised 
from  sounding  wire  taken  from  the  deep-sea  sounding  machine,  or  failing  this,  from 
well-Btretchea  cod  line. 

Measurements  made  by  ^e  telemeter  and  stadia  '  afford  a  close  approxima- 
tion to  the  true  result,  and  if  these  instruments  are  not  at  hand  the  sextant  angle 
of  a  rod  of  fixed  length  can  be  employed.  The  masthead  height  of  the  vessel  may 
be  used  in  determimng  the  length  of  base  line  on  this  principle,  either  by  making 
ths  ship  itself  mark  one  of  the  extremities  and  observing  the  masthead  angle  from 
the  other  extremity,  or  by  simultaneously  observing  the  masthead  angle  from  both 
flnds  of  a  shore  b^se,  and  also  the  three  horizontal  angles  of  the  trianme  formed  by 
tile  ship  and'the  two  base  stations.  The  latter  plan  is  far  preferable  ^ere  accuracy 
IB  sought,  as,  if  the  angles  are  all,  taken  by  different  observers  at  the  same  instant 
(which  can  be  marked  bv  the  hauling  down  of  a  flag),  the  error  arising  from  the 
motion  of  the  ship  about  ner  anchor  is  eliminated,  and,  moreover,  the  data  furnished 
oSere  a  double  scuution  of  the  triangle  and  the  mean  may  be  taken  as  giving  a  closer 
result. 
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439.  A  oude  method  of  eetimsting  distance  is  by  means  of  the  velocity  of 
sound,  though  this  would  never  be  used  wnere  close  results  are  expected.  Fire  a  gun 
at  one  end  of  the  distance  and  at  the  other  note  by  the  most  accurate  means  available 
the  time  between  seeing  the  flash  and  hearing  the  report.  Repeat  several  times  in 
each  direction.  The  mean  number  of  seconds  and  teoiths  of  a  second  multiplied  by 
the  velocity  of  sound  per  second  at  the  temperature  of  observation  (art.  314,  Chap. 
XI)  gives  the  approximate  distance. 

140.  When  for  any  reason  the  existing  conditions  do  not  permit  of  a  direct 
measurement  being  made  along  the  bne  between  the  two  base  stations,  recourse 
must  be  had  to  a  broken  bate,  that  is,  one  in  which  the  length  of  tiie  base  is  obtained 
by  reduction  from  the  measured  length  of  two  or  more  auzihary  lines.  Necessit7 
for  resorting  to  a  broken  base  arises  frequently  when  the  two  stations  are  situated 
on  a  curving  shore  line  and  ihe  strai^t  line  between  them  passes  across  water,  w 
where  wooded  or  unfavorable  country  mtervenes,  or  where  a  stJvam  must  be  crossed. 
The  most  common  form  of  broken  base  is  that  in  which  the  auxiliuy  lines  run  from 
each  extremity  of  the  base  at  an  acute  angle  and  intersect;  in  addition  to  measuring 
each  of  these  lines  the  angle  formed  by  their  intersection  or  else  the  uiglee  formed 
by  them  with  the  base  line  must  be  observed  and  the  true  length  of  the  base  deduced 
by  solution  of  the  triangle.  _  The  form  that  is  most  frequently  used  where  oiUy  a 
short  section  of  the  base  is  incapable  of  measurement  (as  is  the  case  whwe  a  dem 
stream  flows  across)  is  that  of  an  auxiliary  right  triangle  whose  base  is  the  required 
distance  along  the  base  line  and  altitude  a  (bstance  measured  along  a  line  perpen- 
dicular thereto  to  some  convenient  point:  by  this  measured  distance  and  the  ao^tes 
which  are  observed,  the  triangle  is  solved  and  the  length  of  the  unmeasured  section 
determined. 

441.  In  a  survey  of  considerable  extent,  where  good  means  are  at  hand  for  the 
fK>rrect  determination  of  latitude  and  lon^tude,  a  base  line  actually  measured  upon 
the  earth  may  be  dispensed  with,  and,  mstead  of  that,  the  positions  of  the  two 
stations  which  are  most  widely  separated  may  be  determinecf  astronomically  and 

Ced;  the  triangulation  is  then  plotted  upon  any  assumed  scale,  and  when  it  has 
brought  up  to  connect  the  two  stations  the  true  value  of  the  scale  is  ascertained. 
This  is  caUed  the  method  of  an  attronomicai  base. 

442.  Signals. — ^All  points  in  the  survey  whose  positions  are  to  be  located  from 
other  stations,  or  from  which  other  positions  are  to  be  located,  must  be  marked  by 

Xals  of  such  character  as  will  render  them  distinguishable  at  the  distance  from 
;h  they  are  obso^ed.    The  methods  of  conatructiug  signals  are  of  a  wide  variety. 

A  vessel  r^^arlv  fitted  out  for  surveying  would  carry  scantlings,  lumber,  bolts, 
nuts,  nails,  whitewaan,  and  sheeting  for  the  erection  of  signals;  however  meager  the 
equipment,  the  whitewash  and  sheeting  (or  some  substitute  for  sheeting,  preferably 
half  of  it  white  and  half  dark  in  color)  should  be  provided,  if  poe^tje,  beiore  be^- 
ning  any  stu^eying  work.  Ke^ular  tripod  signal,  which  are  quickly  e««cted  and 
are  visible,  tmaer  favorable  circumstances,  for  many  miles,  are  almost  invariably 
employed  to  mark  the  main  triangulation  stations;  amoi^  other  advantagee  the 
tripod  form  permits  the  occupation  with  the  theodolite  of  the  exact  center  of  the 
station,  and  avoids  the  necessity  for  the  reduction  which  must  otherwise  be  applied. 
Signals  on  secondary  stations  take  an  innumerable  variety  of  forms,  the  requirement 
bemg  only  that  they  shall  be  seen  throughout  the  area  over  which  th^  are  to  be 
made  use  of;  4  whitewashed  spot  on  a  ro^  a  whitewashed  trunk  of  a  tree,  a  ^diite- 
wwhed  cairn  of  stones,  a  sheeting  Sag,  a  piece  of  sheeting  wrapped  about  a  bush, 
or  hung,  with  stones  attached,  over  a  elm,  or  a  whitewashed  bui«l  or  box  filled  -wiih 
rocks  or  earth  and  surmounted  by  a  flag,  suggest  some  of  the  secondary  aignato 
that  may  be  employed;  sometimes  objects  are  found  that  are  sufficiently  distinct  in 
themselves  to  be  lued  as  signals  without  further  marking^  as  a  cupola  or  tower,  a 
but,  a  lone  tree,  or  a  bowlder;  but  it  is  seldom  that  an  object  is  not  rraidered  more 
conspicuous  by  the  flutter  of  a  flag  above  it,  or  by  the  dead-white  ray  reflected  &om 
a  daub  of  whitewash. 

For  convenience,  each  signal  is  given  some  short  name  by  which  it  is  designated 
in  the  records. 

For  the  sake  of  economy  in  both  time  and  labor,  steel  towers,  sudb  as  are  used 
to  support  windmills,  are  being  extensively  employed  by  hydrograf^uc  parties  for 
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mrrvey  signals.  They  are  verv  easily  erected  and  dismounted,  easily  transported, 
offer  uttle  resistuice  to  gales  of  wind,  and  are  more  permanent  and  satisfactory  than 
signals  of  wood. 

443.  The  Main  TBiANOirLA.TiON. — The  points  selected  as  stations  for  the  mun 
triangulation  mark  in  outline -the  whole  area  to  be  surveyed;  they  are  close  enough 
together  to  afford  an  accurate  means  of  plotting  all  intermediate  stations  of  the 
secondary  triangulation;  and  they  are  bo  placed  with  relation  to  one  another  that 
the  triangles  or  quadrilaterals  deriTod  from  them  are  well  conditioned.  The  points 
are  ganerally  so  chosen  that  small  angles  will  be  avoided.  In  order  to  fulfill  the 
other  conditions,  it  frequently  becomes  necessary  to  carry  forward  the  triangulation 
by  means  of  stations  located  on  points  a  considerable  distance  inland,  such  as  moun- 
tain peaks,  which  would  not  otherwise  be  r^arded  as  properly  within  the  limita  of 
the  survey. 

Great  care  should  be  taken  in  obeeiring  aO  angjee  upon  which  the  main  tiiangu- 
Ution  is  based;  the  beet  available  instrument  should  oo  employed;  angles  taken 
wHh  a  theodolite  or  transit  should  be  repeated,  and  observed  with  tele8cm)e  direct 
andreyersed,  and  the  mean  result  taken;  if  thesextantisused,  a  number  of^separate 
obsMT'ations  of  each  angle  should  be  taken  and  averaged  for  the  most  probable 
vahie.  It  must  be  remembered  that  while,  in  any  other  part  of  the  work,  an  error 
in  an  an^e  affects  only  the  results  in  its  immediate  vicinity,  an  error  in  the  main  . 
trianeulatlon  mes  forward  through  aH  the  plotting  that  comes  after  it. 

It  occurs  frequently  that  the  purposes  of  the  survey  are  sufficiently  well  falfilled 
by  a  CTaphic  plotting  of  the  main  triangulation,  but  where  more  rigorous  methods 
imvau,  the  results  are  obtained  by  calculation.  The  sum  of  the  angles  of  each 
triangle  is  taken,  and  if  it  does  not  exactly  equal  ISO"  the  values  are  adjusted  to 
make  ^em  comply  with  this  condition.  !m  cases  where  the  triangulation  stations 
foim  a  series  of  quadrilaterab,  the  angles  of  each  quadrilateral  are  adjusted  so  as  to 
frnm  a  perfect  geometrical  figure.  Allowance  is  made  for  the  curvature  of  the  earth 
where  the  area  of  triangles  is  sufficiently  laige  to  render  it  expedient  to  do  so.  The 
lengths  of  the  various  sides  and  the  relative  latitudes  and  longitudes  of  the  several 
stations  are  then  computed.  Each  station  may  then  be  plotted  in  its  latitude  and 
longitude  on  a  polyconic  projection,  and  a  dedineation  of  the  triangulation  system 
may  thus  be  obtained  free  from  the  accumulated  errors  of  a  graphic  plotting. 

444.  Thb  Secondabt  Triangulation. — ^The  points  of  the  secondary  triangu- 
lation are  located,  as  far  as  possible,  by  angles  from  the  main  triangulation  stations; 
these  angles,  havmg  lees  dependent  upon  them,  need  not  be  repeated.  A  graphic 
plotting  of  toese  stations,  without  calculation,  will  suffice. 

4^.  AsTBONOMicAL  WoEK, — ^Thb  comprises  the  determination  of  the  correct 
latitude  and  longitude  of  some  point  of  the  survey,  and  of  the  true  direction  of  some 
other  point  from  the  observation  spot^  thus  furnishing  an  origin  from  which  all  posi- 
tkms  and  all  directions  can  be  determmed  either  graphically  or  by  computation. 

The  methods  of  finding  latitude,  .longitude,  and  the  true  hearing  of  a  terrestrial 
object  are  fully  set  forth  in  previous  chapters.  The  feature  that  distinguishes  such 
woi^  in  surveying  from  that  of  determining  the  position  of  a  ship  at  sea  lies  in  the 
greater  cia«  that  is  taken  to  eliminate  possible  errors. 

The  results  should  therefore  be  baood  upon  a  very  lai?e  number  of  observations, 
cmpli^dng  the  beet  msbiimenia  that  are  available,  and  the  various  sights  being  so 
ttHosa  that  probable  errors  are  ofbet  in  reckoning  the  mean. 

446.  By  taking  a  number  of  «ghts  the  observer  arrives  at  the  most  probable 
NBolt  of  which  his  instruments  and  his  own  faculties  render  him  capable;  out  this 
RsnH  is  liable  to  an  error  whose  amount  is  indeterminate  and  which  is  equal  to  the 
algeln^c  sum  of  a  number  of  small  errors  due,  respectively,  to  his  instruments 
(ithich  must  always  lack  perfection  in  some  dettuls),  to  an  improper  allowance  for 
refraction  under  existing  atmospheric  conditions,  and  to  his  own  personal  error. 
Aflmming,  as  we  may,  that  the  personal  error  is  approximately  constant,  these 
three  causes  give  rise  to  an  error  by  which  all  altitudes  appear  too  great  or  too  small 
by  a  uniform  but  unknown  amount.  Let  us  assume,  for  an  illustration,  that  this 
oror  has  the  effect  of  making  all  altitudes  appear  30'  too  great;  if  an  observer 
attempted  to  work  his  latitude  from  the  meridian  altitude  of  a  star  bearing  south, 
the  result  of  this  unknown  error  would  give  a  latitude  30*  south  of  the  true  latitude; 
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if  another  star  to  the  southward  were  observed,  this  nustake  would  be  repeated; 
but  if  a  star  to  the  north  were  taken,  the  resulting  latitude  would  be  30'^to  the 
north.  It  is  evident,  therefore,  that  the  true  latitude  will  be  the  mean  of  the  results 
of  observation  of  the  northern  and  the  southern  star,  or  the  mean  of  the  average  of 
several  northern  stais  and  the  average  of  several  southern  stars.  A  similar  process 
of  reasoning  will  show  that  errora  in  the  determination  of  hour  angle  are  offset  by 
taking  the  mean  of  altitudes  of  objects  respectively  east  and  west  of  the  meridian. 

447.  It  must  be  remembered  that  the  unifonnity  of  the  unknown  error  only 
exists  where  the  altitude  remains  approximately  the  same,  as  instrumental  and  refrac- 
tion errors  may  vary  with  the  altitude^  another  condition  of  uniformity  requires  that 
the  instrument  and  the  observer  remam  the  same,  and  that  all  observations  be  taken 
about  the  same  time,  in  order  that  atmospheric  conditions  remain  unchanged;  to 
preserve  uniformity,  if  the  artificial  horizon  is  used,  the  same  end  of  the  roof  ^ould 
always  be  the  near  one  to  the  observer;  in  takii^  the  sun,  however,  as  the  peiBOoal 
error  may  not  be  the  same  for  approaching  as  for  separatii^  Umbe,  every  series  of 
observations  should  be  made  up  of  an  equal  number  of  sights  taken  under  each 
condition. 

448.  With  all  of  this  in  mind,  we  arrive  at  the  g^eral  rule  that  astronbinical 
determinations  shall  be  based  upon  the  mean  of  observations,  under  similar  conditions, 
of  bodies  whose  respective  distances  from  the  zenith  are  nearly  equal,  and  which 
bear  in  opposite  directions  therefrom. 

449.  This  condition  eliminates  the  sun  from  availability  for  obaervalions  for 
latitude,  though  it  properly  admits  the  use  of  that  body  for  longitude  where  equal 
altitudes  or  single  a.  m.  ana  p.  m.  sights  are  taken.  Opposite  stars  of  approximatdy 
equal  zenith  distance  should  always  be  used  for  latitude,  circum-meridian  altitudes 
being  observed  during  a  few  minutes  before  and  after  trandt ;  excellent  results  are 
also  obtained  from  stellar  observations  for  lon^tude;  but  very  low  stars  should  be 
avoided,  on  account  of  the  uncertainty  of  refraction,  and  likewise  very  high  ones, 
as  the  refiectioQ  from  the  index  mirror  of  the  sextant  may  not  be  perfectly  distinct 
when  the  ray  strikes  at  an  acute  uigle. 

If  there  is  telegraphic  or  radio  communication,  an  endeavor  should  be  made 
to  obtain  a  time  signal  from  a  reliable  source,  instead  of  depending  upon  iha 
chronometers. 

450.  ToFOQBAFHT. — ^The  plane  table,  with  telemeter  and  stadia,  affords  the 
most  expeditious  means  of  plotting  the  topography,  and  should  be  employed  when 
avulable.  Points  on  shore  may  also  be  plotted  by  sextant  angles,  uang  the  three- 
point  problem,  or  by  any  other  reliable  method. 

451.  Hydsogbapet. — ^The  correct  delineation  of  the  hydrographic  features 
bein^  one  of  the  most  important  objects  of  the  survey,  great  care  should  be  devoted 
to  this  part  of  the  work.  Soundings  are  run  in  one  or  more  series  of  parallel  lines, 
the  direction  and  spacing  of  which  depend  upon  the  scope  of  the  survey.  It  is 
usual  for  one  series  of  lines  to  extend  in  a  direction  normal  to  the  general  trmd  of  the 
shore  line.  In  most  cases  a  second  series  runs  perpendicular  to  the  first,  and  in  surveys 
of  important  bodies  of  water  still  other  series  of  lines  cross  the  system  diagonal^. 
In  developing  rocks,  shoals,  or  dangers  the  direction  of  the  lines  is  so  chosen  as  will 
best  illustrate  the  features  of  the  bottom.  When  lines  cross,  the  agreement  of  the 
reduced  soundings  at  their  intersection  affords  a  test  of  the  accuracy  of  the  work. 

As  the  depth  of  water  increases,  if  there  is  no  reason  to  su^ect  dangers,  the 
interval  between  lines  mavbe  increased. 

IJnes  are  run  by  the  snip  or  boat  in  such  manner  as  to  follow  as  closely  as  posmble 
the  scheme  of  sounding  that  has  been  laid  out.  The  position  is  located  by  angles 
at  the  beginning  of  each  line,  at  each  change  of  course,  at  frequent  intervals  along 
the  line,  and  at  the  point  where  each  lihe  is  finished.  Soundings  taken  between 
poaitums  are  plotted  by  the  time  intervals  or  patent  log  distances. 

452.  There  are  a  number  of  methods  for  determinmg  positions  while  sounding, 
which  may  be  described  briefly  as  follows: 

By  two  sextaiU  atiglea. — Two  observers  with  sextants  measure  simoltaneoualy 
the  angles  between  three  objects  of  known  portion,  and  the  podtion  is  located  by 
the  three-point  problem.  This  is  the  method  most  commonly  employed  in  boat 
work,  and  has  the  great  advantage  that  tiie  results  may  be  plotted  at  imce  on  the 
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woiliiig  sheet  in  the  boat  and  the  lines  as  run  thus  lEei>t  nearlv  in  coincidence  wit^ 
those  laid  out  in  the  scheme.  A  study  of  the  three-point  problflm  (art.  153,  Chap. 
IV)  wilt  give  the  considerations  that  must  govern  in  the  selection  of  objecte. 

By  tiDO  theodolite  aiv^les. — Two  stations  on  shore  are  occupied  by  observers  wi4^ 
theodolites,  and  at  certain  instants,  indicated  by  a  signal  from  the  ship  or  boat,  they 
observe  the  angular  distance  thereof  from  some  Imown  point.  The  intersection 
of  the  direction  lines  thus  given  is  at  the  required  position.  This  method  is  expedi- 
tions where  the  signals  are  small  or  not  numerous.  Its  disadvantage  is  that  the 
plotting  can  not  be  kept  up  as  the  work  proceeds. 

By  one  sextant  ana  one  tKeoddite  on^. — ^An  observer  ashore  occupies  a  station 
with  a  theodolite  and  cuts  in  the  ship  or  boat,  while  one  on  board  takes  a  sextant 
an^e  between  two  objects,  of  which  one  should  preferably  be  the  occupied  station. 
It  IS  plotted  by  laying  oS  the  direction  line  from  the  theodolite  and  finding  with  a 
three-anned  protractor  or  piece  of  tracing  paper  at  what  point  of  that  line  the 
observed  angle  between  the  ob- 
jects is  subtended.  Its  advantages 
and  disadvantages  are  the  same  as 
tlmse  of  Uie  preceding  method. 

Tfi  running  lines  of  soundings 
uSahoie,  where  signals  are  lost 
aij^t  of,  the  best  method  is  to  get 
an  accurate  departure,  before  dr^ 
Jong  the  land,  oy  the  best  means 
that  t^eta,  keepng  careful  note 
of  the  dead  reckoning,  and  on  run- 
ning in  again,  to  get  a  position  as 
soon  as  poamble,  note  the  drift  and 
teconcile  the  plotting  of  inter- 
mediate soonoingB  accordingly. 
Where  drcnmstances  require,  the 
pocdtiott  may  be  located  by  astro- 
nnnieal  observations  as  usually 
taken  at  sea. 

453.  A  carefulrecord  of  sound- 
ings must  be  kept,  showing  the 
time  of  each  (so  that  proper  tidal 
correction  may  be  ^phed),  the 
dept^  the  character  of  [>ottom,  and 
such  data  as  may  be  required  to 
locate  tiie  position. 

4M,  Thh  Wibb  Dkaq.— The 
use  of  the  lead  in  hydn^raphic 
surveying  does  not  amolutely  es- 
tablish a  definite  available  depth, 

as  {mmacle  obstructions  may  exist  iriiich  are  not  detected  by  that  means.  Utis  is 
particularlv  true  of  rocky  localities  and  those  of  coral  formation. 

in  order  to  guarantee  a  certain  depth  of  water  for  purposes  of  navigation  it  has 
become  the  practice  to  tow  through  the  waters  to  be  examined  a  line  of  wire  or  cable 
suspended  at  that  depth. 

The  drag  or  sweep  consists  essentially  of  a  horizontal  member,  known  as  the 
bottom  wire,  which  is  a  long  steel  line  composed  of  60-foot  sections  coupled  together 
with  swivels  and  shackke.  It  is  supporteti  at  each  terminal  from  an  SO-pouna  buoy 
by  a  chain  stirrup  line  whose  length  may  be  adjusted  from  20  to  50  feet.  There 
are  smaller  buoys  placed  at  intervfus  varying  from  150  to  450  feet,  according  to  local 
conditions,  which  support  the  wire  by  means' of  steel-cable  stirrup  lines,  adjustable 
in  length  hke  the  cham  stiiiup  lines  on  the  terminal  buoys.  At  intermediate  60-foot 
connections,  cedar  toggles  or  floats,  which  have  a  little  more  buoyancy  than  is 
sufficient  to  support  me  wire  between  the  stirrup  lines,  are  attachea  by  means  of 
m^  hooks.  To  prevent  the  bottom  wire  from  sagging  back  as  the  drag  is  towed- 
tnmsvosely  to  its  own  length  by  the  bridles  fastened  at  the  terminals,  a  leadoi 
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weight  of  165  pounfb  is  suspended  from  each  of  the  terminal  stiinip  lines,  and  a 
weight  of  20  pounds  from  each  of  the  intermediate  stiirup  lines.  The  len^^  of  Uw 
drag  may  be  varied  through  a  wide  range  to  suit  the  conditions  existiiig  in  tJbe 
loctuities  to  be  examined.  An^  multiple  m  50  feet  may  be  used,  but  it  is  in  general 
found  best  to  use,  in  each  division  between  two  towing  launches,  eight  sections  with 
stirrup-line  suppporte  at  their  ends,  each  composed  of  from  tiuee  to  seven  50-fooi 
units.  The  towing  launches  use  tow  fines  about  200  feet  in  length  Inidled  to  tiie 
t«nninal  stirrup  lines  with  attachments  at  the  top  and  bottom.  During  the  towing,  as 
long  as  the  drag  is  free,  the  line  of  supporting  buoys  will  trace  out  a  parabolic  curve 
on  the  surface  of  the  water;  but,  if  prepress  should  be  interrupted  by  a  pinnacle  <rf 
rock  rising  in  its  path  above  the  depth  to  wliich  the  drag  line  is  set,  the  parab<^ 
curve  of  uae  line  of  buoys  will  immediately  become  broEen  into  the  form  of  a  V, 
whose  angle  will  correspond  in  position  with  the  position  of  the  pinnacle.  .  The  pres- 
ence of  any  such  obstruction  is  also  registered  by  the  spring  balance  usually  attached 
to  the  towline  at  a  convenient  position  near  the  towing  vessel.  If  the  eiixpe  of  ths 
obstruction  is  such  as  to  allow  me  drag  line  to  ride  upward  upon  it.  as  may  be  with. 
bowlders  and  shoals,  an  additional  indication  of  its  presence  is  afforded  by  the  f  aDing 
over  of  the  supporting  buoys  whea  the  suspended  stirrup  lines  am 
relieved  of  stram  by  toe  grounding  of  the  weights  attached  to  them. 
In  such  cases  a  tender  shouM  be  in  readmess  to  proceed  to  the 
indicated  point  for  the  purpose  of  taking  position  aagles  to  locate 
the  spot  and  also  soundings  to  ascertain  the  characteristics  of  the 
obstniction.  Such  localities  are  plotted  upon  tJie  chart  upon 
which  the  paths  of  the  drag  line  are  being  mapped,  and  latfff  these 
areas  are  again  swept  with  the  drag  line  at  a  leeser  depth;'  uid 
this  procedure  is  continued  until  the  obstniction  is  cleared  by  the 
drag  line,  and  thas  the  least  depth  is  proved.  The  position  of  the 
drag  is  determined  by  observers  with  seztauts  on  board  the  towing 
veemls  who  simultaneously  measure,  at  frequent  intervals,  the 
values  of  two  angles  between  two  pairs  of  known  objects  whose  pon* 
tions  are  identified  upon  tJie  plotting  chart. 

The  average  speed  of  towing  is  about  li  knots  per  hour,  and 
the  average  area  explored  per  working  day  is  1^  sciuare  miles^ 
altiiough  a  much  higher  rate  of  pn^rees  is  usually  attamed  in  open 
areas  under  favorable  conditions. 
fm.  It.  455.  TmAi.  Obsbbvations. — ^Theee  should  begin  as  early  as 

practicable  and  continue  throu^out  the  survey,  it  oeing  most  im- 
portant that  they  shaU,  if  possible,  cover  the  penod  of  a  lunar  mcmtii.  In  the  chap- 
ter on  tides  (Chap.  XX)  the  nature  of  the  data  to  be  obtained  is  explained. 

456.  Maonetio  C^ebvatioits. — The  feature  of  the  earth's  m^netism  with 
which  the  navigator  is  most  concerned  is  the  variation,  which  is  set  forth  on  the 
chart,  and  upon  the  determination  of  which  will  depend  the  c<HTectne8B  of  all  couises 
and  bearings  on  shipboard.  It  is  usually  obtained  by  noting  the  compass  directiim 
firom  tiie  observation  spot  of  the  object  whose  true  bearing  is  known  by  calcu^tiioi, 
and  comparing  the  true  and  compass  bearings;  or  it  may  oe  observed  by  monnt^ig 
tiie  ship's  compass  in  a  place  on  snore  free  from  foreign  magnetic  influence,  and  finAing 
the  compass  error  as  it  is  found  on  board.  Observations  for  dip  and  intensity  are 
also  made  when  the  proper  instruments  are  at  hand. 

457.  Btjnninq  Subvbt. — Where  time  and  opportunity  permit  only  a  superficial 
examination  of  a  coast  line  or  water  area,  or  where  the  intw^sts  of  navigation  require 
no  more,  recourse  is  had  to  a  running  turvey,  in  which  shore  positions  are  detemuned 
and  soundings  are  made  while  the  ship  steams  along  the  coast,  stopping  on^  occi^ 
sionally  to  fix  her  position,  and  in  which  the  assistance  of  boat  or  snore  parties  may 
or  may  not  be  em;^oyed. 

In  this  method  the  ship  starts  at  one  end  of  the  field  from  a  known  position, 
fixed  either  by  astronomical  observations  or  by  angles  or  bearings  of  terrestrial 
objects  having  a  determined  location.  Careful  compass  bearings  or  sextant  angles 
are  taken  from  this  position  to  all  objects  ashore  which  can  be  recognized,  ana  a 
series  of  direction  lines  is  thus  obtained.  The  ship  then  steams  along  the  coast,  at  a 
convenient  distance  there&om,  keeping  accurate  account  of  hex  run  by  oontpasB 
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eomses  and  patott  log.  From  time  to  time  other  Benes  of  bearings  or  angles  an 
takea  upon  Uioee  objects  ashore  which  are  to  be  located,  the  direction  lines  plotted 
from  the  estimated  position  of  the  ship,  and  the  various  objects  located  or  the 
intenections  wiUi  their  other  direction  lines.  During  all  the  time  that  iht>  snip  is 
■e  taken  at  r^ular  intervals  and  plotted  from  the  dead  reck- 
9  circumstances  permit,  the  ship  is  stopped  and  her  position 
liable  means,  and  the  intervening  dead  reckoning  reconciled 
Ux  anv  current  that  may  be  found. 

if  a  steam  launch  can  be  employed  in  comiection  with  a  running  survey,  it  is 
usually  sent  to  run  a  second  line  inshore  of  the  ship.  The  boat's  position  is  obtained 
by  bearings  of  objects  ashore  which  are  located  by  the  ship,  or  by  beaiines  and  mast- 
head aogUB  of  the  ship,  or  by  such  other  means  as  offu*.  The  duty  ol  the  boat  is 
to  take  a  series  of  soundings  and  to  collect  data  for  shore  line  and  topography. 

If  drcumetances  aUow  the  landing  of  a  shore  party,  its  most  impoiiant  duty  is 
to  mark  the  various  obiecta  on  shore  by  some  sort  of  signals  which  will  render  them 
muDistakable.  Beyona  this,  it  can  perform  such  of  the  duties  tamf^aA  to  shore 
ptrtieB  in  a  legolar  vur^ej  as  opportunity  peimitB. 
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CHAPTER  XVIII. 

WINDS, 


458.  Wind  is  air  in  approximately  horizontal  motion.  Observations  of  the 
vind  should  include  its  true  du-ection,  and  its  force  or  velocity.  The  direction  of  the 
wind  is  designated  by  the  point  of  the  compass  from  which  it  proceeds.  The  force 
of  the  wind  is  at  sea  ordinarily  expressed  in  terms  of  the  Beaufort  scale,  each  decree 
of  this  Bcale  corresponding  to  a  certain  velocity  in  miles  per  hour,  as  explained  in 
article  68,  Chapter  II. 

459.  The  Cause  op  the  Wind. — Winds  are  produced  by  differences  of  atmoe~ 
pheric  pressure,  which  are  themselves  ultimately,  and  in  the  main,  attributable  to 
differences  of  temperature. 

To  imderstand  How  tiie  air  can  be  set  in  motion  by  these  differences  of  pressure, 
it  is  necessary  to  have  a  clear  conception  of  the  nature  of  the  air  itself. 

The  atmosphere  which  completely  envelops  the  earth  may  be  considered  as  a 
fluid  sea  at  the  bottom  of  which  we  live,  and  which  extends  upward  to  a  considerable 
height,  probably  200  miles,  constantly  diminishing  in  density  as  the  altitude  increases. 

The  air,  or  material  of  which  this  atmosphere  is  composed,  is  a  transparent  gas, 
which,  like  all  other  gases,  is  perfectly  elastic  and  highly  compressible.  Althou^ 
extremely  light,  it  has  a  perfectly  dennite  weight,  a  cubic  foot  of  air  at  ordinary 
pressure  and  temperature  weighing  1.22  ounces,  or  about  one  seven  hundred  and 
seventieth  part  of  the  weight  of  an  equal  volume  of  water.  In  consequence  of  this 
weight  it  exerts  a  certain  pressiwe  upon  the  surface  of  the  earth,  amounting  on  the 
average  to  15  pounds  for  each  square  inch.  To  accurately  measure  this  pressure, 
which  is  constantly  undergoing  slight  changes,  we  ordinarUj  employ  a  mercurial 
barometer  (art.  48,  Chap,  11),  an  instrument  in  which  the  weight  of  a  column  of  air 
of  given  cross  section  is  balanced  against  that  of  a  column  of  mercury  having  an 
equal  cross  section;  and  instead  of  saying  that  the  pressure  of  the  atmosphere  is  a 
certain  number  of  pounds  on  each  square  mch,  we  say  that  it  is  a  certain  number  of 
inches  of  mercury,  meaning  thereby  that  it  is  equivalent  to  the  pressure  of  a  coluntn 
of  mercury  that  many  inches  in  height,  and  one  square  inch  in  cross  section. 

AU  gases,  air  included,  are  highly  sensitive  to  the  action  of  heat,  expanding  or 
increasing  in  volume  as  the  temperature  rises,  contracting  or  diminishing  in  volume 
as  the  temperature  falls.  Suppose  now  that  the  atmosphere  over  any  considerable 
region  of  the  earth's  surface  is  maintained  at  a  higher  temperature  than  that  of  its 
surroundings.  The  warmed  air  will  expand,  and  its  upper  layers  will  flow  off  to  the 
surrounding  r^ons,  cooling  as  they  go.  The  atmospheric  pressure  at  sea  level 
throughout  the  heated  areas  will  thus  oe  diminished,  while  that  over  the  circum- 
jacent cooler  areas  will  be  correspondingly  increased.  As  the  result  of  this  difference 
of  pressure,  there  will  be  movement  of  the  surface  air  away  from  the  r^ion  of  high 
pressure  and  toward  the  region  of  low,  somewhat  similar  to  the  flow  of  water  which 
takes  place  through  the  connecting  bottom  sluice  as  soon  as  we  attempt  to  fiU  one 
compartment  of  a  divided  vessel  to  a  slightly  higher  level  than  that  found  in  the 
other. 

A  difference  of  atmospheric  pressure  at  sea  level  is  thus  immediately  followed 
by  a  movement  of  the  surface  air,  or  by  winds ;  and  these  differences  of  pressure  have 
their  origin  in  differences  of  temperature.  11  the  atmosphere  were  everywhere  of 
uiiiform  temperature  it  would  he  at  rest  on  the  earth's  surface—slu^isn,  torpid, 
and  oppressive — and  there  would  be  no  winds.  This,  however,  is  fortunately  not 
the  case.  The  temperature  of  the  atmosphere  is  continually  or  periodically  higher 
in  one  region  than  in  another,  and  the  chief  variations  in  the  distribution  of  tempera- 
ture are  systematically  repeated  year  after  year,  giving  rise  to  like  systematic 
variations  m  the  distribution  of  pressure. 
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460.  The  Normai.  DnTRiBmoN  of  Prebburb. — ^The  winds^  while  thus  due 
]»imiirily  to  differences  of  temperature,  stand  in  more  direct  relation  to  differences 
of  presBure,  and  it  is  from  this  point  of  view  that  they  are  ordinarily  studied. 

In  order  to  furnish  a  comprehensiTe  view  of  this  distribution  of  atmospheric 
pressure  over  the  earth's  surface,  charts  have  been  prepared  showing  the  average 
reading  of  the  barometer  for  any  given  period,  whether  a  month,  a  season,  or  a  year, 
and  covering  as  far  as  possible  the  entire  globe.  These  are  known  as  iaobaric  charts, 
from  the  fact  that  tiU  points  at  which  the  barometer  has  the  same  reading  are  joined 
by  a  continuous  line  or  isobar. 

The  isobaric  chart  for  the  year  (fig.  69)  shows  in  each  hemisphere  a  well-defined 
belt  of  high  pressure  (30.20  inches)  completely  encircliog  the  globe,  that  in  the  northern 
hemisphere  naving  its  middle  Une  about  in  latitude  35"  North,  that  in  the  southern 
hemisphere  about  m  latitude  30°  South,  these  constituting  the  so-called  meteorological 
tropics.  From  the  summit  or  ridge  of  each  of  these  belts  the  pressure  falls  off  aUke 
toward  the  equator  and  toward  the  pole,  although  much  less  rapidly  in  the  former 
direction  than  in  the  latter.  The  equator  itself  is  encircled  by  a  belt  of  somewhat 
diminished  pressure  (29.90  inches),  the  middle  line  of  which  is  ordinarily  found  in 
northern  latitudes.     In  the  northern  hemisphere  the  diminution  of  pressure  on  the 

Klewurd  slope  is  much  less  marked  and  much  lees  r^ular  than  m  the  southern 
misphere,  minima  (29.70  inches)  occurring  ui  the  North  Atlantic  Ocean  near 
Iceland  and  in  the  North  Pacific  Ocean  near  the  Aleutian  Islands,  beyond  which  the 
pressure  increases.  In  the  southern  hemisphere  no  such  mioima  are  apparent,  the 
pressure  continuing  to  diminish  uninterruptedly  as  higher  and  higher  latitudes  are 
attained.  Along  the  sixtieth  parallel  of  south  latitude  the  average  barometric 
reading  is  29.30  mches. 

461.  Seasonal  Vaeiationb  of  Pressube.— As  might  be  expected  from  its 
close  relation  to  the  tempOTature,  the  whole  system  of  pressure  distribution  exnibits 
a  tendency  to  follow  the  sun's  motion  in  declination,  the  barometric  equator  occupy- 
ing in  Ju^  a  position  sli^tly  to  the  northward  of  its  position  in  January.  In  eitner 
hemisphere,  moreover,  the  pressure  over  the  land  during  the  wint«r  season  is  decidedly 
above  the  annual  average,  during  the  summer  season  decidedly  beJow  it ;  the  extreme 
variations  occurring  in  uie  case  of  continental  Asia,  where  the  mean  monthly  pressure 
ranges  from  30.60  inches  during  Januarv  to  29.60  inches  during  July.  Over  the 
normem  ocean,  on  the  other  hand,  conditions  are  reversed,  the  summer  pressures 
bring  here  somewhat  the  higher.  Thus,  in  January  the  Icelandic  and  the  Aleutian 
minima  increase  in  depth  to  29.50  inches,  while  in  July  these  minima  fill  up  and  are 
weO-nigh  obhterated,  a  fact  which  has  much  to  do  with  the  strength  and  frequency 
of  the  winter  gales  in  hi^  northern  latitudes  and  the  absence  of  these  gales  during 
the  summer.  Over  the  southern  ocean,  in  keeping  with  its  slight  contrast  between 
winter  and  summer  temperatures,  similar  variations  of  pressure  do  not  exist. 

462.  The  Pbevailikq  Winds. — ^Aa  a  result  of  the  distribution  of  pressure  just 
described,  there  is  in  either  hemisphwe  a  continual  motion  of  the  surface  air  away 
from  the  meteorological  tropic^on  one  side  toward  tiie  equator,  on  the  other  side 
toward  the  pole,  the  first  constituting  in  each  case  the  trade  winds,  the  second  the 
prevailing  winds  of  higher  latitu<les.  Upon  a  stationary  earth  the  direction  of  this 
motion  would  be  immediately  from  the  region  of  high  toward  the  region  of  low 
barometer,  the  moving  air  steadily  following  the  barometric  slope  or  gradient, 
increasing  in  force  to  a  gale  where  these  gradients  are  steep,  decreasing  to  a  light 
breeze  where  they  are  gentle,  sinking  to  a  calm  where  they  are  absent.  The  earth, 
however^  is  in  rapid  rotation,  and  this  rotation  gives  rise  to  a  force  which  exercises 
a  material  influence  over  all  horizontal  motions  upon  its  surface,  whatever  their 
direction,  serving  constantly  to  divert  them  to  the  ngJit  in  the  northern  hemisphere, 
to  the  U/t  in  the  soudiem.  The  air  set  in  motion  by  the  difference  of  pressure  is 
thus  constantly  turned  aside  from  its  natural  course  down  tlie  barometric  gradient 
OT  slope,  and  the  direction  of  the  wind  at  any  point,  instead  of  being  identical  with 
that  of  the  gradient  at  that  point,  is  deflected  by  a  certain  amount,  crossing  the 
Utter  at  an  angle  which  in  practice  varies  between  45°  and  90°  (4  to  8  compass 
points),  the  wind  in  the  latter  case  blowing  parallel  to  the  isobars.  As  a  consequence 
of  this  deflection  the  northerly  winds  which  one  would  naturaUy  expect  to  find  on 
the  equatorial  slope  of  the  belt  of  high  pressure  in  the  northern  nenusphere  become 
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northeasterlty — the  XE.  trade;  the  southerly  winds  of  the  polar  slope  become  south- 
westerly — the  prevailing  westerly  winds  of  northern  latitude.  So,  too,  for  the 
soudiem  hemisphere,  the  southerly  winds  of  the  equatorial  slope  here  becoming 
Boutheasterly— the  SE.  trades;  the  northerly  winds  of  the  polar  elope  northwesterly — 
the  prevailing  westerly  winds  of  southern  latitudes. 

463.  The  relation  here  described  as  existing  between  the  distribution  of  atmos- 
pheric pressure  and  the  direction  of  the  wind  is  of  the  greatest  im[>OTtanee.  It  may 
m  brieny  stated  as  follows: 

In  the  northern  hemisphere  stand  with  the  face  to  the  wind;  in  this  position 
the  region  of  high  barometer  lies  on  your  left  hand  and  somewhat  in  front  of  you ; 
the  region  of  low  barometer  on  your  right  hand  and  somewhat  behind  you. 

In  the  southern  hemisphere  stand  with  the  face  to  the  wind;  in  this  position 
the  region  of  high  barometer  Hes  on  your  r^t  hand  and  somewhat  in  front  of  you ; 
the  r^on  of  low  barometer  on  your  left  hand  and  somewhat  behind  you, 

Tnis  relation  holds  absolutely,  not  only  in  the  case  of  the  generaldistribution  of 
pressure  and  circulation  of  the  atmosphere,  but  also  in  the  esse  of  the  special  con- 
dititms  of  high  and  low  pressure  whicn  usually  accompany  severe  gales. 

464.  Tirai  Teadb  Winds. — The  Trade  winda  blow  from  the  tropical  belts  of 
hi^  pressure  toward  the  equatorial  belt  of  low  pressure — in  the  northern  hemisphere 
frooi  the  northeast,  in  the  southern  hemisphere  from  the  southeast.  Over  the 
eastern  half  of  each  of  the  great  oceans  they  extend  considerably  farther  from  the 
hue  and  their  original  direction  inclines  more  toward  the  pole  than  in  midocean, 
wh^e  the  latter  is  almost  easterly.  They  are  ordinarily  looke<l  upon  as  the  most 
constant  of  winds,  but  while  they  may  blow  for  days  or  even  for  weeks  with  slight 
Tuiation  in  direction  or  strength,  tneir  uniformity  should  not  be  exaggerated. 
Tliere  are  times  when  the  trade  winds  weaken  or  shift.  There  are  regions  where 
their  steady  course  is  deformed,  notably  among  the  island  groups  of  the  South  Pacific, 
where  the  trades  during  January  and  February  are  practically  nonexistent. 
They  attain  their  highest  development  in  the  South  Atlantic  and  in  the  South  Indian 
Ocean,  and  are  everywhere  fresher  during  the  winter  than  during  the  summer  season. 
They  are  rarely  disturbed  by  cyclonic  storms,  the  occurrence  of  the  latter  within  the 
limits  of  the  trade-wind  region  being  furthermore  confined  in  point  of  time  to  the 
Iftte  summer  and  autumn  months  m  the  respective  hemispheres,  and  in  scene  of 
action  to  the  western  portion  of  the  several  oceans.  The  South  Atlantic  Ocean 
akme,  however,  enjoys  complete  immunity  from  tropical  cyclonic  storms. 

465.  The  Doldeums. — The  equatorial  girdle  of  low  pressure  occupies  a  position 
between  the  l^h-pressure  belt  of  the  northern  and  the  similar  belt  oi  the  southern 
hemisphere,  ^iroughout  the  extent  of  this  barometric  trough  the  pressure,  save 
fw  the  slight  diurnal  oscillation,  is  practically  uniform,  and  decided  barometric 
gradients  do  not  exist.  Here,  accordmgly,  the  winds  sink  to  stagnation,  or  rise  at 
mostonly  to  the  strength  of  fitful  breezes,  comiuE  first  from  one  point  of  the  compass, 
then  from  another,  with  cloudy,  rainy  sky  and  frequent  thunderstorms.  The  r^on 
throughout  which  these  conditions  prevail  consists  of  a  wedge-shaped  area,  the  base 
of  the  wedge  resting  in  the  case  of  the  Atlantic  Ocean  on  the  coast  of  Africa,  and  in 
the  case  of  the  Facmc  Ocean  on  the  coast  of  America,  the  axis  ext^idingwestward. 
"nie  position  and  extent  of  the  belt  var^  somewhat  with  the  season.  Throughout 
Febmary  and  March  it  is  found  immediately  north  of  the  equator  and  is  of  inap- 
preciable width,  vessels  following  the  usual  sailing  routes  frequently  passing  from 
b»de  to  trade  without  interruption  in  both  the  Atlantic  ana  the  Pacific  Oceans. 
In  July  and  August  it  has  migrated  to  the  northward,  the  axis  extending  east  and 
west  along  the  parallel  of  7°  north,  and  the  belt  itself  covering  several  degrees  of 
latitude,  even  at  its  narrowest  point.  At  this  season  of  the  year,  also,  the  southeast 
trades  blow  with  diminished  freshness  across  the  equator  and  well  into  the  northern 
hanisphere,  being  here  diverted,  however,  by  the  OTect  of  the  earth's  rotation,  into 
southerly  and  southwesterly  winds,  the  so-ealled  southwest  monsodn  of  the  African 
ud  Central  American  coasts. 

466.  The  Hobsb  Latitddes. — On  the  outer  margin  of  the  trades,  corresponding 
vagoe]^  with  the  summit  of  the  tropical  ridge  of  high  pressure  in  either  hemisphere, 
is  a  second  r^on  throughout  which  the  barometric  gradients  are  faint  and  undecided, 
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and  the  prevailing  winds  coiTespondiD|;]y  %Iit  and  variable,  the  Bo-called  horae 
Jaiibades,  or  calms  of  Cancor  and  of  Capricorn.  Unlike  the  doldrumB,  however, 
the  weather  is  here  clear  and  fresh,  and  the  periods  of  stagnation  are  intermittent 
rather  than  continuous,  showing  none  of  the  persistency  which  is  so  characteristic 
of  the  equatorial  region.  The  explanation  of  this  difference^  will  hecome  obvious 
as  soon  as  we  come  to  studj  the  nature  of  the  daily  barometric  changes  of  pressure 
in  the  respective  regions,  these  in  the  one  case  being  marked  by  the  uniformity  of  the 
torrid  zone,  in  the  other  sharing  to  a  limited  extent  in  the  wide  and  rapid  variations 
of  the  temperate. 

467.  The  Prevailing  Westerly  Winds. — On  the  exterior  or  polar  aide  of  the 
tropical  maxima  the  pressare  again  diminishee,  the  barometric  gradients  beii^  now 
directed  toward  the  pole;  and  the  currents  of  air  set  in  motion  along  these  gradients, 
diverted  to  the  right  and  left  of  their  natural  course  by  the  earth's  rotation,  appear  in 
the  northern  hemisphere  as  southwesterly  winds,  m  the  southern  hemisphere  as 
northwesterly — the  prevailing  westerly  winds  of  the  temperate  zone. 

Only  in  the  southern  hemisphere  do  these  winds  eimibit  anything  approaching 
the  persistency  of  the  trades,  their  course  in  the  northern  hemisphere  oemg  subject 
to  frequent  local  interruption  by  periods  of  winds  from  the  eastern  semicircle.  TTius 
the  tabulated  results  show  that  throughout  the  portion  of  the  North  Atlantic  included 
between  the  parallels  40°-50°  North,  and  the  meridians  10''-50°  West,  the  winds 
from  the  western  semicircle  (South — NNW.)  comprise  about  74  per  cent  of  the 
whole  number  of  observations,  the  relative  frequency  being  somewhat  higher  in 
winter,  somewhat  lower  in  summer.  The  average  force,  on  the  other  hand,  decreases 
from  force  6  to  force  4'Beaufort  scale,  with  the  change  of  season.  Over  the  sea  in  the 
southern  hemisphere  such  variations  are  not  apparent;  here  the  westerlies  blow 
through  the  entire  year  with  a  steadiness  little  less  than  that  of  the  trades  them- 
selves, and  with  a  force  which,  though  fitful,  is  very  much  greater,  their  boisterous 
nature  giving  the  name  of  the  "Roanng  Forties"  to  the  latitudes  in  which  they  are 
most  frequently  observed. 

The  explanation  of  this  striking  difference  in  the  extra-tropical  winds  of  the  two 
halves  of  the  globe  is  found  in  the  distribution  of  atmoaphenc  pressure,  and  in  the 
variations  which  this  latter  undergoes  in  different  parts  of  the  world.  In  the  landless 
southern  hemisphere  the  atmospheric  pressure  after  crossing  the  parallel  of  30* 
South  diminishes  almost  uniformly  toward  the  pole,  and  is  rardy  disturbed  by  those 
large  and  irregular  fluctuations  which  form  so  important  a  factor  in  the  daily  weather 
of  the  northern  hemisphere.  Here,  accordingly^  a  system  of  polar  gradients  exists 
quite  comparable  in  stability  with  the  equatonal  gradients  which  give  rise  to  the 
^ades;  and  the  poleward  movement  of  the  air  in  obedience  to  these  gradients, 
constantly  diverted  to  the  left  by  the  effect  of  the  earth's  rotation,  constitutes  tlifi 
steady  westerly  winds  of  the  south  temperate  zone. 

468.  The  Monsoon  Winds. — ^The  air  over  the  land  is  warmer  in  summer  and 
colder  in  winter  than  that  over  the  adjacent  oceans.  During  the  former  season  the 
continents  thus  become  the  seat  of  areas  of  relatively  low  pressure;  during  the  latter 
of  relatively  high.  Pressure  gradients,  directed  outward  during  the  winter,  inward 
during  the  summer,  are  thus  established  between  the  land  and  the  sea,  which  exercise 
the  greatest  influence  over  the  winds  prevailing  in  the  region  adjacent  to  the  coast. 
Thus,  off  the  Atlantic  seaboard  of  the  United  States  southwesterly  winds  are  most 
frequent  in  summer,  northwesterly  winds  in  winter;  while  on  the  Pacific  coast  the 
reverse  is  true,  the  wind  here  changing  from  northwest'  to  southwest  with  the  advance 
of  the  colder  season. 

The  most  striking  illustration  of  winds  of  this  class  is  presented  by  the  monsotma 
{Maueum,  season)  of  the  China  Sea  and  of  the  Indian  Ocean.  In  January  abnormal^ 
low  temperatures  and  high  pressure  obtain  over  the  Asiatic  plateau,  high  tempera- 
tures and  low  pressure  over  Austraha  and  the  nearby  portion  of  the  Indian  Ocean. 
As  a  result  of  the  baric  gradients  thus  established,  the  southern  and  eastern  coast 
of  the  vast  Asiatic  continent  and  the  seas  adjacent  thereto  are  swept  by  an  outflowing 
current  of  air,  which,  diverted  to  the  right  of  the  gradient  by  the  earth's  rotation, 
appears  as  a  northeast  wind,  covering  the  China  Sea  and  the  northern  Indian  Ocean. 
Upon  entering  the  southern  hemisj^ere,  however,  the  same  force  which  hitherto 
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deflected  the  moTing  air  to  the  right  of  the  gradient  uov  Berves  to  deflect  it  to  the 
left;  and  here,  accordingly,  we  have  the  monsoon  appearing  as  a  northwest  wind, 
covering  the  !bidiaa  Ocean  as  far  south  as  10°,  the  Arafura  Sea,  and  the  northern 
coast  of  Australia. 

In  July  these  conditions  are  precisely  reversed.  Asia  is  now  the  seat  of  high 
temperature  and  correspondingly  low  pressure,"  Australia  of  low  temperature  and 
high  pressure,  although  the  departure  from  the  annual  average  is  bv  no  means  so 
pronounced  in  the  case  of  the  latter  as  in  that  of  the  former.  The  Baric  gradients 
thus  lead  across  the  equator  and  are  addressed  toward  the  interior  of  the  greater 
continent,  giving  rise  to  a  system  of  winds  whose  direction  is  southeast  in  the  southern 
hemKphere,  southwest  in  the  northern. 

Tne  northeast  (winter)  monsoon  blows  in  the  China  Sea  from  October  to  April, 
the  southwest  (summer)  monsoon  from  May  to  September.  The  former  is  marked 
by  all  the  steadiness  of  the  trades,  often  attaining  the  force  of  a  moderate  gale;  the 
l&ttcr  appears  as  a  light  breeze,  unsteady  in  direction,  and  of  ten  sinking  to  a  calm. 
Its  prevuence  is  frequently  interrupted  by  tropical  cyclonic  storms,  locally  known 
as  typhoons,  ^though  the  occurrence  of  these  latter  may  extend  well  into  the  season 
of  me  winter  monsoon. 

469.  Land  and  Sea  Bbbezes. — Corresponding  with  the  seasonal  contrast  of 
tonperature  and  pressure  over  land  and  water,  there  is  likewise  a  diurnal  contrast 
which  exercises  a  similar  though  more  local  effect.  In  summer  particularly,  the  land 
over  its  whole  area  is  wanner  than  the  sea  by  day,  colder  than  the  sea  by  night,  the 
variations  of  pressure  thus  established,  although  insignificant,  suSicing  to  evoke  a 
n^tem  of  littoral  breezes  directed  landward  during  the  daytime,  seaward  during  the 
night,  which,  in  general,  do  not  penetrate  to  a  distance  greater  than  30  miles  on  and 
m  shore,  and  extend  but  a  few  hundred  feet  into  the  depths  of  the  atmosphere. 

The  sea  breeze  b^ins  in  the  morning  hours — ^from  9  to  H  o'clock — as  the  land 
warms.  In  the  late  afternoon  it  dies  away.  In  the  evening  the  land  breeze  springs 
up,  and  blows  gently  out  to  sea  until  mommg.  In  the  tropics  this  process  is  repeated 
day  after  day  with  great  regularity.  In  our  own  latitudes,  the  land  and  sea  breezes 
are  often  masked  by  winds  of  cyclonic  origin. 

470.  A  single  important  effect  of  the  seaBonal  variation  of  temperature  and 
pressure  over  the  land  remains  to  be  described.  If  there  were  no  land  areas  to  break 
the  even  water  surfacepf  the  globe,  the  trades  and  westerUes  of  the  terrestrial  circu- 
lation would  be  developed  in  the  fullest  simplicity,  with  linear  divisions  along  latitude 
circles  between  the  several  members — a  condition  nearly  approached  in  uie  land- 
barren  southern  hemisphere  during  the  entire  year,  and  m  the  northern  hemisphere 
dming  the  winter  season.  In  the  summer  season,  however,  the  tropical  belt  of  hif^ 
prceaure  is  broken  where  it  crosses  the  warm  land,  and  the  air  shouldered  off  from 
the  continents  accumulates  over  the  adjacent  oceans,  particulu'ly  in  the  northern 
or  land  hemisphere.  Tliis  tends  to  creato  over  each  of  the  oceana  a  circular  or 
dliptical  area  of  lugh  pressure,  from  the  center  of  which  the  baric  eradimts  radiate 
in  all  directions,  givmg  rise  to  an  outflowing  system  of  winds,  which  by  the  effect  of 
the  earth's  rotation  is  converted  into  an  outflowing  spiral  eddy  or  anticydome  vrkirl 
"Hie  sharp  lines  of  demarcation  which  would  otherwise  exist  between  the  several 
members  of  the  general  circulation  are  thus  obhterated,  the  southwesteriv  winds  of  tha 
nuddle  northernlatitudes  becoming  successively  northwesterly,  northerly,  and  north- 
naterly,  as  we  approach  the  equator  and  round  the  area  of  l^gn  pressure  by  the  east} 
^  northeast  tnCae  becoming  successively  sou  theasteriy ,  southerly,  and  soutnweeterly, 
as  we  recede  from  the  equator  and  roimd  this  area  by  the  west ;  sunilarly  for  the  other 
luDusphere. 
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471.  Vakiations  of  the  Atmospuekio  Phessure. — ^The  distribution  of  the 
atmoapherio  pressure  previously  described  (thap.  XVUI)  and  the  attendant  circu- 
latioa  of  the  winds  are  those  which  become  evident  after  the  effects  of  many  disturbing 
caiisee  have  been  eliminated'by  the  process  of  averaging,  or  embracing  in  the  sum* 
mation  observations  covering  an  extended  period  of  time.  The  distribution  of 
pressure  and  the  system  of  winds  which  actually  exist  at  a  given  instant  will  in 
general  agree  with  these  in  its  main  features,  but  may  differ  from  them  materially 
m  detail. 

Confiniiig  our  attention  for  the  time  being  to  the  subject  of  atmospheric  pressure, 
it  may  be  said  that  this,  at  any  given  point  on  the  earth's  surface,  is  in  a  constant 
state  of  change,  the  mercurial  barometer  rarely  becoming  stationary,  and  then  only 
for  a  few  hours  in  succession.  The  variations  which  the  pressure  undergoes  may 
be  divided  into  two  classes,  viz,  periodic;  or  those  which  are  continuously  in  opera- 
tion, repeating  themselves  within  fixed  intervals  of  time,  long  or  short;  and  non- 
periodic  or  accidental,  which  occur  irregularly,  and  are  of  varying  duration  and 
extent. 

472.  pEBiODto  Vakiations. — Of  the  former  class  of  changes  the  most  important 
are  the  seasonal^  which  have  been  already  to  some  extent  described,  and  the  diurnal. 
The  latter  consists  of  the  daily  occurrence  of  two  barometric  maxima,  or  points  of 
hi^est  pressure,  with  two  intervening  minima.  Under  ordinary  circumstances 
with  the  atmosphere  free  from  disturbances,  the  barometer  each  day  attains  its  first 
minimum  about  4  a.  m.  As  the  day  advances  the  pressure  increases,  and  a  maximum, 
or  point  of  greatest  pressure,  is  reached  about  10  a.  m.  From  this  time  the  pressure 
diminishes,  and  a  second  minimum  is  reached  about  4  p.  m.,  after  which  the  mercury 
again  rises,  reaching  its  second  maximum  about  10  p.  m.  '  The  range  of  this  diurnal 
oscillation  is  greatest  at  the  equator,  where  it  amounts  to  ten  hundredlhs  (0.10)  of 
an  inch.  It  diminishes  with  increased  latitude,  and  near  the  poles  it  seems  to  vanish 
entirelv-    In  middle  latitudes  it  is  much  more  apparent  in  summer  than  in  winter. 

its.  NoNPEBiODio  Vabiationb. — The  equatorial  slope"  of  the  tropical  belt  o( 
high  pressure  which  encircles  the  globe  in  either  hemisphere  is  characterized  by  the 
marked  uniformity  of  its  meteorological  conditions,  the  temperature,  wind,  and 
weather  changes  proper  to  any  given  season  repeating  themselves  as  day  suoceeds 
day  with  almost  monotonous  re^larity.  Here  the  diurnal  oscillation  of  the  barom- 
eter constitutes  the  main  variation  to  which  the  atmospheric  pressure  is  subjected. 
On  the  polar  slope  of  these  belts  conditions  the  reverse  of  these  obtain,  the  elements 
which  go  to  make  up  the  daily  weather  here  passing  from  phase  to  phase  withoat 
regularity,  with  the  result  that  no  two  daj^  are  precisely  ahke;  and  as  regards 
atmospherio  pressure,  it  may  be  said  that  in  marked  contrast  with  the  uniformity  of 
the  torrid  zone^  the  barometer  in  the  temperate  zone  is  constantly  subjected  to  non- 
periodic  or  accidental  fluctuations  of  such  extent  that  the  periodic  diurnal  variation 
IB  scarcely  apparent,  the  mercurial  barometer  at  a  given  station  frequently  rising  or 
falling  several  tenths  of  an  inch  in  twenty-four  hours. 

474.  PHOORKSStVB  Areas  of  High  and  Low  Peessube. — ^The  explanation  of 
iias  rapid  change  of  conditions  is  found  in  the  approach  and  passage  of  extensive 
areas  of  alternately  high  and  low  pressure^  which  affect  ali^  although  to  a  different 
degree,  all  the  barometers  coming  withm  their  scope.  The  general  direction  of 
motion  of  Uieae  areas  is  that  of  Ute  prevaiting  winds;  eastward,  therefore,  in  the 
latitudes  which  are  under  consideration. 

Taken  in  conjunction,  these  areas  of  high  and  low  pressure  exercise  a  controlUng 
influence  over  the  weather  changes  of  the  temperate  zones.    As  the  low  area  draws 
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near,  the  sky  becomes  overclouded,  the  prevailing  westerly  wind  faTla  awa^,  and 
is  succeeded  oy  a  wind  from  some  easterly  direction,  faint  at  first,  but  increasing  as  - 
the  pressure  continues  to  diminish;  the  lowest  pressure  having  been  reached,  the 
wind  again  goea  to  the  westward,  the  barometer  starts  to  rise,  and  the  weather  clears; 
all  mareing  the  eastward  recession  of  the  low  area  and  the  approach  of  the  subsequent 
high. 

The  first  stage  in  the  development  of  the  low  is  a  alight  diminution  of  the 
atmospheric  pressure,  amounting  in  ^neral  to  not  more  than  one  or  two  hundredths 
of  an  inch,  throughout  an  area  covermg  a  more  or  lees  extensive  portion  of  the  earth's 
surface,  either  land  or  water,  but  far  more  frequently  over  the  former  than  over  the 
latter.  Shortly  after  the  advent  of  this,  initiatory  fall  the  decrease  of  pressure 
throughout  some  small  r^oo:  within  the  larger  area  assumes  a  more  decided  character, 
the  mercury  here  standing  at  a  lower  level  than  elsewhere  and  reading  successively 
higher  as  we  go  outward,  the  region  thus  becoming,  as  it  were,  the  center  of  the  whole 
barometric  depression.  A  s^tem  of  barometric  gradients  is  by  this  means  estab- 
Sshed,  all  directed  radially  mward,  and  in  obedience  to  these  gradients  there  is  a 
movement  of  the  surface  air  toward  the  center  or  point  of  lowest  barometer.  The 
air  once  in  motion,  however,  the  effect  of  the  earth's  rotation  is  brought  into  play 
predsely  as  in  the  case  of  the  larger  movements  of  the  atmosphere,  with  the  result 
tfaat  the  several  currents,  instead  of  following  the  natural  course  along  these  gradients, 
•re  deflected  from  them,  in  the  northern  hemisphere  to  the  right  hand,  in  the  southern 
bemiapheie  to  the  left,  the  extent  of  the  deflection  being  from  4  to  8  compass  points. 
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475.  Cyclones  and  Cyclonic  CmcuLATioNS. — A  central  area  of  low  barometer 
win  thus  be  surrounded  by  a  system  of  winds  which  constantly  draw  in.  toj>rard  the 
center  but  at  the  same  time  circulate  about  it,  the  whole  forming  an  inflowing  spiral; 
the  direction  of  this  circulation  being  in  the  southern  hemisphere  with  the  motion 
fA  the  hands  of  a  watch,  in  the  northern  hemisphere  opposed  to  this  motion.  Where 
(lie  barometric  gradients  are  steep,  these  winds  are  apt  to  be  strong;  where  they  are 
gentle,  the  winds  are  apt  to  be  weak;  where  they  are  absent,  as  is  tlie  case  at  the 
center  or  bottom  of  the  depression,  calms  are  apt  to  prevail. 

Around  the  center  of  the  area  of  high  pressure  a  similar  system  of  wind  will  be 
found,  hut  blowing  in  a  contrary  direction.  Here  the  barometric  gradients  are 
directed  radially  outward,  with  the  result  that  in  place  of  the  inflowing,  we  have  an 
outflowing  spiral,  the  circulatory  motion  being  nght  handed  or  with  the  hands  of 
a  watch  in  the  northern  hemisphere,  left  handed  or  against  the  hands  of  a  watch  in 
the  southern. 

All  these  features  axe  shown  in  the  acconipanying  dia^ams  (fig.  70),  which 
exhibit  the^neral  character  of  cyclonic  (around  the  low)  and  anticycionio  (around 
the  hi|^)  circulations  in  the  northwn  and  the  southern  hemisphere,  respectively. 
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The  closed  curree  represent  the  isobars,  or  lines  along  which  the  barometric  pressure 
,  is  the  same;  the  short  arrows  show  the  direction  of  the  gradients,  wUch  are  eveiY- 
where  at  right  angles  to  the  isobars;  the  long  arrows  give  the  direction  of  the  wintis, 
deflected  by  the  earth's  rotation  to  the  right  of  the  gradients  in  the  northern  hemi- 
sphere, to  the  left  in  the  southern. 

476.  Featubes  op  Ctclonio  and  Antictclonio  Reqioks. — Certain  features  of 
1^0  two  areas  may  here  be  contrasted.  In  the  anticyclonic,  the  succeesive  isobars 
are  as  a  rule  far  apart,  showing  weak  gradients  and  consequently  light  winds;  the 
areas  themselves  are  of  relatively  great  extent,  and  their  rate  of  pn^es^on  is  slow. 
During  the  summer  they  originate  as  extensions  into  higher  latitudes  of  the  margins 
of  the  tropical  belts  of  nigh  pressure;  during  the  winter,  as  offshoots  of  the  strong 
anticyclone  which  covers  the  land  tnrolighout  that  season.  Their  approach  ana 
presence  is  accompanied  by  polar  or  westerly  winds,  temperature  below  the  seasonal 
average,  fair  weather,  and  clear  skies.  In  the  cyclonic  area  the  successive  isobars 
are  crowded'  together,  showing  steep  gradients  and  strong  winds;  they  may  appear 
either  as  trough-like  extensions  into  the  temperate  zone  of  the  polar  belt  of  low 
pressure,  in  which  case  the  easterly  winds  proper  to  their  polar  side  are  nonexistent, 
or  (in  lower  latitudes)  as  independent  areas,  sometimes,  indeed,  as  detached  portions 
of  the  equatorial  low-pressure  belt,  which  move  eastward  and  poleward  across  the 
temperate  zone,  and  are  ultimately  merged  into  the  great  cyclonic  area  surrounding 
the  pole.  The  progress  of  these  independent  areas  is  invariably  attended  bv  the 
strong  and  steadily  shifting  winds,  foul  weather,  and  other  features  which  make  up 
the  ordinary  storm  at  sea.  In  the  trough-like  depressions  of  higher  latitudes  these 
features  may  or  may  not  be  observed,  their  presence  depending  upon  the  depths  of 
the  barometric  trough  and  the  steepness  of  its  slopes.  In  these,  moreover,  the 
cyclonic  circulation  is  never  completely  developed,  the  storm  winds  having  rather 
the  character  of  right  line  gales,  blowmg  from  an  equatorial  or  easterly  mrection 
until  the  axis  of  the  trough  is  at  hand,  and  as  this  passes  shifting  by  the  west  at  one 
bound  to  apolar  direction. 

477.  CnrcLONio  Storms, — Strong  winds  are  the  result  of  steep  barometric 
gradients.  These  may  occur  with  cyclonic  or  with  anticyclonic  areas,  the  latter 
being  exemplified  in  tne  case  of  the  northers  in  the  Gulf  of  Mexico  and  the  north- 
westerly winter  gales  along  the  Atlantic  coast  of  the  United  States,  which  are  almost 
invariably  accompanied  by  barometers  above  the  average.  They  are,  however,  bo 
much  more  frequent  in  the  case  of  areas  of  low  pressure  and  consequent  cyclonic 
circulations,  witJi  tb&r  attendant  foul-weather  characteristics,  tJiat  the  latter  are 
generally  known 'as  cyclonic  storms,  i.  e.,  storms  in  fdiich  the  wind  circulation  is 
cyclonic. 

Cyclonic  storms  may  with  convenience  be  divided  into  two  classes:  viz,  tropical, 
or  those  which  originate  near  but  not  on  the  equator;  and  extra-tropical,  or  those 
which  first  appear  in  higher  latitudes. 

478.  Tropical  Ctclonio  Storms. — The  occurrence  of  tropical  cyclonic  storms 
is  confined  to  the  summer  and  autumn  months  of  the  respective  hemisphereej  and  to 
the  western  part  of  the  several  oceans,  the  North  Atlantic,  the  North  Pacific,  the 
South  Pacific,  and  the  Indian  Ocean.  They  are  unknown  in  the  South  Atlantic 
Ocean.    Although  these  cyclonic  storms  are  all  of  the  same  essential  characteristics, 

,  they  have  generally  been  called  hurricanes  when  occurring  in  the  West  Indies  and  the 
r^on  between  Samoa  and  Australia,  typhoons  when  occurring  in  the  r^on  of  the 
Pmlippines,  and  cyclones  when  occurring  m  the  Indian  Ocean  and  its  dependent  seas. 
The  Vmits  of  the  regions  within  which  these  tropical  storms  ori^nate  are  defined 
by  parallels  of  latitude  and  meridians  of  longitude  as  follows: 


Lincttiidc  fnm 


Hunicance  of  the  West  Indiefl 

Typhoona  of  the  Philippine  legion. . 

Cyclones  of  the  Bay  oi  Beogal 

^clones  of  the  Indian  Ocean 

18  of  the  Samoan  i^od 
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The  percentage  of  frequency  of  tbeee  storms  in  the  different  months  of  the  year 
B  set  fomi  in  the  following  table: 


Hunicaaea  of  tlie  West  Indiee. . . . 
Typhoons  of  the  Fhilippine  n^oa . 

Cyclones  ol  the  Bay  of  Bengal 

(Vcbnea  of  the  loaian  Ocean 

Hamomce  of  the  Samo&n  region . . 


Jm. 

Feb. 

U*t. 

Apr. 

tor-V. 

July. 

s^. 

!!:-! 
1 

0 

0 

0 

0 

,   » 

4 

?. 

«,4 

1 

y. 

ft 

1« 

1ft 

19 

U 

11 

0 

0 

0 

0 

\V: 

19. 

Ih 

20 

14 

10 

IK 

i;> 

1 

0.5 

U 

0 

1.5 

7 

2'i 

17.5 

■23 

Q 

0 

0 

0 

1.5 

1 

3 

The  yearly  average  number  of  those  occurring  in  the  West  Indian  region  is  4,  in 
the  Fhilippine  re_gion  21,  in  the  Bay  of  Bengal  9,  in  the  Indian  Ocean  (south  of  the 
Equator)  9,  and  in  the  region  between  Samoa  and  Austraha  ^. 

479.  Motion  op  the  Storm  Center. — In  the  case  of  tropical  cyclonic  storms 
HifXB  is  always  a  tendency  for  the  barometric  depression,  impelled  by  the  general 
motion  of  the  atmosphere  in  the  trade-wind  Tegion,  to  follow  a  path  wbich  tends  at 
once  westward  and  away  from  the  equator.  This  motion  contmuee  until  the  limits 
of  tiie  trades  are  reached,  where  the  path  ordinarily  recurves;  and  the  subsequent 
motion  of  the  depression  is  eastward  and  toward  tne  pole,  the  disturbance  at  the 
same  time  aasuimng  the  features  of  the  extra-tropical  cyclonic  storm. 

Sate  of  progress  of  the  storm  center. — Within  the  tropics  in  the  northern  hemi- 
sphere, the  average  velocity  of  the  storm  center  along  the  path  is  11  miles  an  hour; 
and  in  the  latitude  of  the  recurvature  of  the  storm  this  average  is  maintained, 
although  there  are  numerous  instances  of  wide  variations  in  the  rate  of  progress  here, 
and  sometimes  the  center  becomes  stationary  for  a  few  days.  In  highei- latitudes,  the 
rate  increases  to  an  average  of  1 6  miles  an  hour. 

In  the  southern  hemisphere,  the  average  velocity  of  progress  as  far  as  determined 
is  some^at  less  than  in  the  northern ;  and,  in  the  Indian  Ocean,  many  of  the  Mauri- 
tius cyclones  have  a  very  small  movement  of  translation,  and  these  are,  in  conse- 
quence, designated  as  stationary  cyclones. 

The  general  jiath  of  the  tropical  cyclonic  storm  in  either  hemisphere  and  the 
^clonic  circulation  of  the  wind  about  the  storm  center  are  given  in  figures  73  and 
74;  that  for  the  northern  hemisphere  applying  to  the  hurricanes  of  the  West  Indies; 
that  for  the  southern  hemisphere  to  the  hurricanes  of  the  South  Pacific  Ocean, 

480.  Indications  of  the  Approach  of  Tropical  Ctclonio  Storms. — ^The 
iremonitory  signs  of  a  tropica]  cyclonic  storm  comprise,  besides  those  feelings  of 
personal  discomfort  which  are  common  within  the  sphere  of  atmospheric  disturbance 
of  cyclonic  storms  in  aU  parts  of  the  world,  (1)  an  unsteady  barometer,  or  even  a 
ceeaation  of  the  diurnal  range,  which  is  constant  in  settled  weather;  (2)  a  heavy 
swell  not  caused  by  the  wind  then  blowing;  (3)  the  appearance  of  the  sky  arising 
from  the  forms  and  movements  of  the  clou&.  It  is  upon  the  concomitance  of  these 
indications,  rather  than  the  recognition  of  any  one  of  them,  that  reliance  should  be 
placed. 

The  appearance  of  the  clouds  and  their  value  as  storm  warnings  is  described  as 
follows  by  Faura  in  the  Cyclones  of  the  Far  East,  by  3oa6  Algue,  of  the  Manila 
Observatory: 

The  beet  means  for  detenniniog  the  center  [of  a  Btorm]  and  for  following  up  itM  movements  ore  the 
obrervationa  of  cini,  little  clouds  of  a  very  fine  structure  and  clear  opal  color,  which  appear  as  elongated 
fntbers.    *    *    *    l^iu;  before  the  least  sign  oC  b&d  weather  ia  noticeable  and  in  many  coaes  when  the 


rery  high — being  under  the  influence  of  a  center  of  high  pressure,  which  generally 
,— tnese  email  isolated  clouds  appear  is  the  upper  rogiuna  oi  the  atmcMphere,     They 


iHrometer  is  atill  \ 

pfBcedes  a  tempeet—  ^  , .__,,.. 

Kem  to  be  piled  up  on  the  blue  vault  of  heaven  and  drawn  out  ia  the  direction  of  some  point  oi 

iMiscn  toward  which  they  conveige.  The  first  to  present  tbemBelveaare  few  in  number  but  well  defined 
tod  of  tbe  moot  delicate  structure,  appearing  like  filaments  bound  together  but  wh<>se  visibility  ia  lost 
Wore  they  reach  the  point  of  radiation.  We  often  had  an  opportunity  to  watch  them  at  the  observatory 
lA  Uanila,  when  the  center  was  still  600  miles  distant.  The  best  times  for  observing  the  cirri  are  sunrise 
ud  sunset.  U  the  sun  is  in  the  east  and  very  near  the  horizon,  the  first  clouds  which  are  tinged  by 
tile  nlar  rays  are  the  cirro-etmti  which  preceae  the  cyclone,  and  they  are  also  the  lost  to  disappear  at 
■inset,  inasmuch  as  they  overspread  the  horizon.  Such  timea  are  the  beet  for  determining  the  radiant 
pointofthecloudetreaksandat  the  same  time  foraacertainingthe  direction  in  which  the  center  lies.  Later 
<n  die  delicacy  of  iana,  which  characterizes  this  claas  of  clouds  in  its  earlier  stages,  is  lost,  and  the  clouds 
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FiO.  ;i.— Av«ng«  PbUis  o(  TturrlcaQH  Id  the  Wwt  Indies. 
ThA  Bniall  droLofl  JndEcHte  ths  point*  of  Qrldn  of  130  gtonnfl,  vhich  comprlso  all  tlu  inaluiODa 
reeolUug  from  the  authentic  acmunM  of  a  per&I  of  35  7«is. 

•  June  aod  Jul;  statma  (S  B«pt«mber  Btomu 

©  Augrat  storms  O  Octobci  noma 

to  det^mine  the  changes  of  the  Tadiant  point  at  equal  intervals  of  time  and  to  compaie  them  with  the 
movements  of  the  barometer.  If  the  point  o(  convergence  does  not  perceptibly  change  its  position,  but 
remains  fixed  and  immovable  for  a  long  time,  even  for  several  consecutive  days,  it  is  almost  certain  that 
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ae  distanci!  eaat  of  tbs  n 
lear  Uw  mcrldbui  of  l£u 


FlQ.  73.— Heu  Pattu  of  TTphooni. 
1-  TyphDoni  In  tba  Uailuia). 
1.  T^bboona  foimod  In  tbe  PacUo  which,  M  ao 

)  and  3a.  Tn>l>0ODi  formed  In  Ibe  FadAc  vhlob, 

4.  Trribooiu  ot  Tftlmn  or  Fonnooa. 
tiMM.  Tjpboona  of  DortberD  LDHiniiihleh  have  recurved  In  tha  Uaad  or  near  It 
t.  Typhoons  itbkh  baTO  eroswd  Laum  nartbnaM  of  tlanila  and  continued  to  the 
7.  '^phoont  wUeh  have  eromod  Ltuon  Boatbirard  ol  UsnUa. 

5.  TTpbooDsoltlw  VlnytakndUlndanao. 
S.  T^boonaformwlliitbB  Pidtla  which  have  cTosaud  south  0 

lOdaciaM  and  aoawpwa.  and  leqoMsd  north  of  Uanlla. 

10.  Tjipboous  tonued  In  toB  China  Sea. 

11.  Ty^uoDtforDiedbltbaSuhiSeaand  thetnturtelandvatci 


llan  ot  Uanlb,  have  recurved  ti 
havs  teourved  toward  Japan. 


recurved  la  Ibe  China  Sea  between  latltndee 


completely  loeiiig  the  diurnal  Eind  noctumttl  oecilUtory  movements,  but  chanKing  somewhat  the  hours 
ofmaximum  and  minimum.    Thedailyreadiugisobaervedtobeeaclidayleaitnan  that  of  the  preceding 
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day.  That  part  of  the  horizon  in  the  direction  of  the  itorm  begina  to  be  covered  by  a  cirma  veil,  which 
increaaes  slowly  until  it  fonns  an  ahnmt  homogeneous  coveriog  of  the  sky.  Thia  veil  is  known  by  the 
name  "cirro-pallium"  of  Fo^y,  and  Js  that  which  causes  the  solar  and  lunar  haloa,  f^ch  are  never 
absent  when  a  stonn  approaches.  Beneath  the  veil  a  few  isolated  clouds,  commonly  called  "coUon," 
appear.  They  are  much  more  numerous  and  larget  on  the  side  lying  toward  the  storm,  where  they  soon 
appear  as  a  compact  mass.  At  such  times  the  sunrises  and  sunsets  are  characterized  by  the  high  i«d 
tint  which  the  clouds  assume,  resembling  a  gre:it  fire,  especially  in  the  direction  of  the  cyclone.     The 


wind  remains  fixed  at  one  point,  showing  only  a  few  variations,  which  are  due  principally  to  the  squalls, 
whiehcontinually  eiert  their  force  within  the  limitaof  the  Btorm.  The  low  or  "cotton  cioudBsuccesaively 
and  from  time  to  time  cover  the  sky,  throwing  out  occasional  squalls  of  rain  and  windi  but,  the  squalls 
having  passed,  a  lull  ensues,  the  cirrus  veil  remaining,  and  likewise  the  hurricane  bank  of  clouds,  which 
seems  nxed  to  the  same  spot  in  the  direction  of  the  storm.    This  state  of  the  atmosphere  continuM  until 

the  bank  of  clouds  invades 
the  point  of  observation,  in 
which  case  the  squalla  will 
be  continuous  and  the  wind 
will  incream  in  violence  each 
moment. 

The  condition  of 
diminiahed  pressure  at- 
tending a  cyclonic 
stonn  gives  rise  to  high 
waves  which  are  propa- 
gated in  all  directions 
from  such  a  storm  on 
the  ocean.  These 
waves  outrun  the  storm 
as  much  as  a  thousand 
miles,  and,  by  the  di- 
rection from  which  they 
arrive,  indicate  the 
bearing  of  the  storm's 
center. 

Although  thunder- 
storms can  not  be  con- 
sidered as  premonitory 
signs,  it  rarely  happens 
that  showers  and 
squalls  are  not  experi- 
enced from  24  to  48 
hours  in  advance  of  the 
I  storm;  and  the  un- 
settled state  of  Uie  ba^ 
rometer  in  the  distant 
approaches,  varying 
from  500  to  1  000  miles 
in  advance  ol  the  cen~ 
Fio.  73.  ter,  gives  place,  at   a 

distance  of  3Cio  to  400 
miles,  to  a  slow  and  steady  fall  of  the  mercurial  column.  At  the  same  time  the 
direction  and  velocity  of  the  lower  clouds  show  unmistakable  evidence  of  the 
presence  of  a  storm  and  the  bearing  of  the  center.  When  the  storm  center  is 
still  far  distant,  the  phenomenon  called  the  "bar  of  the  cyclone"  may  frequently  be 
seen.  This  is  a  dense  mass  of  rain  cloud  formed  about  the  center  of  the  storm, 
giving  the  appearance  of  a  huge  bank  of  black  clouds  resting  upon  the  horizon,  which 
may  retain  its  form  unchanged  for  hours.  It  is  usually  most  conspicuous  about 
sunrise  or  sunset.  When  it  is  possible  to  observe  this  bar,  the  changes  in  its  position 
at  intervals  of  a  few  hours  wiU  enable  the  observer  to  detennine  the  direction  of 
movement  of  the  storm, 

481.  Character  op  Tbopical  Ctclonic  Storms. — Within  the  tropics  the 
storm  area  is  small,  the  region  covered  by  violent  winds  extending  in  general  not 
more  than  130  miles  from  the  center.  The  barometric  gradients  are,  however, 
exceedingly  steep,  instances  having  been  recorded  in  which  the  difference  of  presBure 
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for  tiiia  distance  amounted  to  2  inches.  In  the  typhoons  of  the  North  Pacific  Ocean 
gradients  of  one  inch  in  60  miles  are  not  infrequent.  The  succeesiTe  isobars  are 
Almost  circular.  As  a  consequence  of  this  distribution  of  pressure  the  winds  on  the 
slopes  of  iJie  depression  are  frequently  of  great  violence,  and  in  the  matter  of  direc- 
tion they  are  more  sym- 
■^  methcallydisposed  about 
'''  the  center  tnan  is  the 
case  with  the  larger  and 
leas  regularly  shaped  de- 
preesions  of  higher  lati- 
tudes. In  these  low  lati- 
tiides  the  average  values 
of  the  deflection  of  the 
wind  from  the  baromet- 
ric gradient  is  in  the 
neighborhood  of  six  com- 
jio*  pass  points — to  the  right 
m  the  northern  hemi- 
sphere, to  the  left  in  the 
southern. 

482.  To  Fee  THE 
Beahino  of  the  Storm 
Center  tboh  thb  Ves^ 
BEL. — On  this  assump* 
tion,  the  following  rules 
will  enable  an  observer 
to  fix  the  bearing  of  the 
|20*  storm  center  from  his 
vessel: 

In  the  northemhem- 
isphere,  stand  with  the 
face  to  the  wind;  the 
storm  center  will  bear  ten 
points  to  the  observer's 
right. 

In  the  southern  hem- 
isphere, stand  with  the 
face  to  the  wind;  the 
storm  center  will  bear  ten 
Iso*  points  to  the  observer's 
hit. 

On  the  basis  of  these 

rulee  the  tables  hereafter 

given  (art.  487)  show  the 

bearing    of    the    center 

corresponding  to  a  wind 

^'o-  '*■  of  any  direction. 

483.  To  Ttx  THE  Distance  of  the  Stobh  Cbnteb  fboh  the  Vessel, — The 

following  table,  taken  from  Fiddington's  "Sailor's  Horn  Book,"  may  prove  of  some 

aaaistaQce  in  estimating  the  distance  of  the  storm  center  from  the  vessel: 


From  0. 02  to  0.  Ofl  in. 
From  0. 06  to  0. 08  in. 
From  0. 08  to  0. 12  in. 
From  0. 12  to  0. 15  in. 


The  table  assumes  that  the  vessel  i 
Utter  is  advancing  directly  toward  it. 


From  250  to  150  miles. 
From  160  to  100  miles. 
FromJOOto  80  miles. 
From  80  to  50  milee. 

hove-to  in  front  of  the  storm  and  that  the 
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Inasmuch  as  cyclones  are  of  Tfliying  area  and  of  different  intensities,  the  lines  of 
equal  barometric  pressure  (isobars)  fie  much  closer  together  in  some  storms  than  in 
otners,  so  that,  in  the  circumstances  of  an  observer  on  the  ocean,  the  estimation  of 
the  distance  of  the  center  by  the  height  of  the  mercurial  column  or  of  its  rate  of  fall 
must  be  somewhat  conjectm-al. 

481.  To  Avoid  thb  Cbnter  of  thb  Stobm. — ^In  the  immediate  neighboriiood 
of  the  center  Itself  the  winds  attain  full  hurricane  force,  the  sea  is  exceedingly 
turbulent,  and  there  is  danger  of  being  taken  aback.  Every  effort  should  therefore 
be  made  to  avoid  this  region,  either  by  running  or  by  heaving-to-  and  if  recourse  is 
had  to  the  latter  maneuver,  much  depends  upon  the  selection  of  the  proper  tack; 
this  being  in  every  case  the  tack  which  will  cause  th^  wind  to  draw  ut  with  each 
successive  shift. 

A  vessel  hove-to  in  advance  of  a  tropical  cyclonic  storm  will  experience  a  long 
heavy  swell,  a  falling  barometer  with  torrents  of  raio,  and  winds  of  steadily  increasing 
force.  The  shifts  of  wind  will  depend  upon  the  position  of  the  vessel  with  respect 
to  the  path  followed  by  the  storm  center.  Immediately  upon  the  path,  the  vrind 
will  hold  steady  in  direction  until  the  passage  of  the  centrfd  calm,  Qie  "eye  of  the 
storm,"  after  which  the  gale  will  renew  itself,  but  from  a  direction  opposite  to  that 
which  it  previously  had.  To  the  right  of  the  path,  or  in  the  right-hand  semicircle 
of  the  storm  (the  observer  being  supposed  to  face  along  the  track),  the  wind,  as  the 
center  advances  and  passes  the  vessel,  will  constantly  shift  to  the  right,  the  rate  at 
which  the  successive  shifts  follow  each  other  increasing  with  the  proximity  to  the 
center;  in  this  semicircle,  then,  ia  order  that  the  wind  shall  draw  aft  with  each 
shift,  the  vessel  must  be  hove-to  on  the  starboard  tack;  similarly,  in  the  left-hand 
semicircle,  the  wind  will  constantly  shift  to  the  left,  and  here  the  vessel  must  be 
hove-to  on  the  port  tack. 

These  rules  hold  ahke  for  both  hemispheres  and  for  cyclonic  storms  io  all 
latitudes. 

Figure  75  represents  a  cyclonic  storm  in  the  northern  hemisphere  after  recurring. 
For  simphcity  the  area  of  low  barometer  is  made  perfectly  oirciuar,  and  th^  center  is 
assumed  to  be  ten  points  to  the  right  of  the  direction  of  the  wind  at  all  points  within 
the  disturbed  area.  Let  us  assume  that  the  center  is  advancing  about  NNE.,  in  the 
direction  of  the  long  arrow,  shown  in  heavy  full  liae.  The  ship  a  has  the  wind  at 
ENE.;  she  is  to  the  left  of  the  track,  or  technically  in  the  navigable  semicircle. 
The  ship  b  has  the  wind  at  ESE.  and  is  in  the  dangerous  semicircle.  As  the  storm 
advances  these  ships,  if  lying  to,  a  upon  the  port  tack,  b  upon  the  starboard  tack,  aa 
shown,  take  with  regard  to  the  storm  center  the  successive  positions  a^  a,,  etc.,  b,  b^, 
etc.,  the  wind  of  ship  a  shifting  to  the  left,  of  ship  b  to  the  right,  or  m  both  cases 
drawing  aft,  and  thus  diminishing  the  probability  of  either  ship  being  taken  aback, 
a  danger  to  which  a  vessel  lying  to  on  tne  opposite  tack  Q.  e.,  the  starboard  taclc  in 
the  leftr-hand  semicircle  or  the  port  tack  in  the  rightr-hand  semicircle)  is  constantly 
exposed,  the  wind  in  the  latter  case  tending  constantly  to  draw  forward.  The  ship  b 
is  continually  beaten  by  wind  and  sea  toward  the  storm  track.  The  ship  a  is  drifted 
away  from  the  track,  and,  should  she  be  able  to  carry  sail,  would  soon  find  better 
weather  by  running  off  to  the  westward. 

It  must  not  be  foi^tten  that  the  shifts  of  wind  will  only  occur  in  the  above  order 
when  the  vessel  is  stationary.  When  the  course  and  speed  are  such  as  to  maintfuu 
a  constant  relative  bearing  between  ^e  ship  and  storm  center,  there  will  be  no  shift 
of  wind.  Should  the  vessel  be  outrunning  the  storm,  the  wind  will  indeed  shift  in 
the  opposite  direction  to  that  given,  and  a  navigator  in  the  right  semicircle,  for 
instance,  and  judging  only  by  the  shifts  of  wind  witliout  taking  into  account  his  own 
run,  might  imagine  himself  on  the  opposite  side.  In  such  a  case  the  barometer  must 
be  the  guide. 

An  examination  of  figure  75  shows  how  this  is.  A  vessel  hove  to  at  the  position 
marked  6,  and  being  passed  by  the  storm  center,  will  occupy  successive  positions  in 
regard  to  the  center  from  b  to  6„  and  will  experience  shifts  of  wiud,  as  shown  by  the 
arrows,  from  East  through  South  to  SW.  On  the  other  hand,  if  the  storm  center 
be  stationary  or  moving  slowly  and  a  vessel  be  overtaking  it  along  the  line  from  &« 
to  h,  the  wind  will  back  from  SW.  to  East,  and  is  hkely  to  convey  an  entirely  wrong 
impression  as  to  the  location  and  movement  of  the  center. 
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486.  Danqbeous  and  Nattgablb  Sehicibclbs. — ^Prior  to  recurving,  the  winds 
m  that  semicircle  of  the  storm  which  is  more  remote  from  the  equator  (the  right- 
hand  semicircle  in  the  northern  hemisphere,  the  left-hand  Bemicircle  in  the  southern) 
BTs  liable  to  be  more  severe  than  those  of  the  opposite  semicircle.  A  vessel  hove  to 
in  the  semicircle  adjacent  to  the  equator  has  also  the  advantage  of  immuuitj  from 
becoming  involved  in  the  actual  center  iteelf ,  iaasmuch  as  there  is  a  distinct  tendency 
on  the  part  of  the  lattier  to  move  away  from  the  equator.  For  these  reasons  the  more 
remote  semicircle  has  been  called  the  dangerous,  the  less  remote  the  navigable. 

48fi.  Maneutehinq.^ — A  vessel  suspecting  the  dangerous  proximity  of  a  tjvpical 
cvcloDic  storm  should  lie-to  for  a  time  on  the  starboard  tack  to  locate  the  center  by 
oWring  shifts  of  the  wind  and  the  behavior  of  the  barometer.     If  the  former  hol<& 


steady  and  increases  in  force,  while  the  latter  falls  rapidly,  say  at  a  greater  rate  than 
0-03  of  an  inch  per  hour,  the  vessel  is  probably  on  the  track  of  the  storm  and  in  advance 
of  the  center.  In  this  position  the  proper  step  (providing,  of  course,  that  sea  room 
pennits)  is  to  run,  keepm^  the  wind,  in  the  northern  hemisphere,  at  all  times  well  on 
Ike  starboard  quarter;  m  the  southern  hemisphere,  well  on  the  port;  and  thus 
constantly  increasing  the  distance  to  the  storm  center.  The  same  rule  holds  good 
if  ti)e  observation  places  the  vessel  at  but  a  scant  distance  within  the  forward  qua(£-ant 
(rf  die  dangerous  semicu%le.  Here,  too,  the  naturalcourse  will  be  to  seek  the  navigable 
"oniarcle  of  the  storm,  even  tboug:h  such  a  course  involves  crossing  the  track  in 
xiyance  of  the  center,  always  exercising  due  caution  to  keep  the  winafrom  drawing 
'«fwaft.  ^  , 
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The  critical  case  ia  that  of  a  vessel  which  finds  heraetf  in  the  forward  quadrant 
of  the  dangerous  semicircle  and  at  a  considerable  distance  from  the  track,  for  here 
the  ahif  ts  of  the  wind  are  slu^ish  and  the  indications  of  the  barometer  are  undecided, 
both  causes  conspiring  to  render  the  bearing  of  the  center  doubtful.  If,  upon 
heaving  to,  the  barometer  becomes  stationary,  the  position  should  be  maintamed 
until  indications  of  a  rise  are  apparent,  upon  which  the  course  may  be  resumed  with 
safety  and  held  as  long  as  the  rise  contmuee.  If,  however,  the  D&rometer  f alb.  & 
steamer  should  make  a  run  to  the  NNE.  or  NE.  (southern  hemisphere,  SSE.  or  SJEi.)i 
keeping  the  wind  and  sea  a  httle  on  the  port  (southern  hemisphere,  starboard)  bow. 
and  using  such  speed  as  wiQ  at  least  keep  the  barometer  stationary.  Such  a  step  will 
in  general  be  attended  with  the  assurance  that  the  present  weather  conditions  will 
in  any  case  grow  no  worse.  For  a  sailing  vessel,  unable  to  stand  closer  to  the  wind 
than  six  points,  the  last  maneuver  will  be  mipossible,  and  driven  to  leeward  by  wind, 
sea,  and  current,  she  may  be  compelled  to  cross  the  track  immediately  in  advance 
of  the  center,  or  may  even  become  involved  in  the  center  itself.  In  this  extremity 
the  path  of  the  storm  center  during  the  past  twenty-four  hours  should  be  laid  down 
on  a  diagram  as  accurately  as  the  observations  permit,  and  the  line  prolonged  for 
some  distance  bevond  the  present  position  of  the  center.  Having  assumed  an  average 
rate  of  progress  for  the  center,  its  probable  position  on  the  hne  should  be  frequentlT 
and  carefully  plotted,  and  the  handling  of  the  vessel  should  be  in  accordance  wita 
the  dia^-am. 

487.  StTSOCAKr  of  Rui.es. — The  following  summary  comprises  the  rules  of 
maneuvering,  so  far  as  they  may  be  made  general: 

NORTHERN    HEUISPBBRB. 

In  (ke  Right  or  Damerous  Semicircle. — Steamers  bring  the  wind  on  the  starboard 
bow,  and  maKe  as  much  way  as  possible;  if  obliged  to  Heave  to,  do  so  head  to  sea. 
Sailing  vessels  haul  by  the  wind  on  thestarboard  tack  and  carry  sail  as  long  as  possible ; 
if  obliged  to  heave  to,  do  so  on  the  starboard  tack. 

In  the  Left  or  Navigable  Semicircle. — Bring  the  wind  on  the  starboard  quarter, 
note  the  course,  and  hold  it;  if  obliged  to  heave  to,  do  so  on  the  port  tack,  unless  in 
a  steamer  which  behaves  better  when  hove  to  stem  to  the  sea. 

On  the  Storm  Trade  in  Front  ofihe  Center, — Bring  the  wind  two  points  on  the 
starboard  quarter,  and.  holding  this  course,  run  for  the  Left  Semicircle;  if  obliged 
to  heave  to,  do  so  on  tne  port  tack,  unless  m  a  steamer  which  behaves  better  ^en 
hove  to  stem  to  the  sea. 

On  the  Storm  Track  in  Rear  of  the  Center. — Avoid  the  center  by  the  best 
practicable  route,  having  due  regard  to  the  tendency  of  cyclones  to  recurve  to  the 
northward  and  eastwariT 

SOUTHERN   HEMISPHESE. 

In  the  Left  or  Dangerous  StminrcU. — Steamers  bring  the  wind  on  the  port  bow, 
and  make  as  much  way  as  possible ;  if  obliged  to  heave  to,  do  so  head  to  sea.  Sailing 
vessels  haul  by  the  wind  on  the  port  tack,  and  carry  sail  as  long  as  possible;  if  obliged 
to  heave  to,  do  so  on  the  port  tack. 

In  the  Right  or  NavUfoble  Semicircle. — Bring  the  wind  on  the  port  quarter,  note 
the  course,  and  hold  it;  if  obliged  to  heave  to,  do  so  on  the  starboard  tack.  Unless  in 
a  steamer  which  behaves  better  when  hove  to  stem  to  the  sea. 

On  ihe  Storm  Track  in  Front  of  the  Center. — Bring  the  wind  two  points  on  the 

Sort  quarter,  and,  holding  this  course,  run  for  the  right  semicircle;  if  obliged  to 
eave  to,  do  so  on  thestarboard  tack,  unless  in  a  steamer  which  behaves  better  when 
hove  to  stem  to  the  sea. 

On  the  Storm  Track  in  Rear  of  the  Center. — Avoid  the  center  by  the  beat  practi- 
cable route,  having  due  r^ard  to  the  tendency  of  cyclones  to  recurve  to  the  soutii- 
ward  and  eastward. 
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llie  application  of  these  rules  for  the  various  directions  of  the  wind  is  ^own 
in  the  following  table : 

Storm  Taile,  Northern  Hemisphere. 


Dknettm 

OhjarTOtootoi  along  .tonotnck.                                                  1 

ir  wind  ■tody  with 

T[wladat««lr>lth 

tbeiigbt. 

ESE. 

Run  8SW. 

Run  SSW. 

Run  SSW.          H 

NNE. 

SE. 

MJpi 

W,  ill 
Ifil  ill 

Run  SW. 

•Tali 

RunSW. 

•^ft-ii 

EunSW.     &«.£. 
Run  WSW.  5o^ 

NE. 

SSE. 

RunWSW. 

i*,"- 

RunWSW 

i!i 

m 

Run  West. 

Run  WNW.  I'll 
RunNW.     S'6'S 

ESE. 

sw. 

Run  HW. 

Run  NW. 

SE. 

WSW.  . 

RunNNW. 

s  = 

RunNNW 

p-S 

RunNNW.  SS  " 

SSE. 

West. 

Run  North. 

il 

Run  North.  TerS 

South. 

WNW. 

Run  NNE. 

»^ 

Run  NNE. 

Run  NNE.      $  s- 

8SW. 

NW. 

Run  NE. 

5« 

Run  NE. 

RunNE.         ^& 

6W. 

NNW. 

Run  EN  E. 

Run  EN  E. 

Run  ENE.       gm 
Bun  East.       -   S 

WSW. 

RunEwt. 

BunEwt. 

g-'S 

West. 

NNE. 

Run  ESE. 

§■"3 

Run  ESE. 

Bun  ESE.       g^ 
RudSE.          ,  1 

WJJW. 

NE. 

RunSE. 

s|- 

RunSE. 

n 

SNW. 

Eaat. 

Run  South. 

B» 

Run  South 

^x 

Bun  South.      §^ 

M  itvBii  ue  IDr  wind  two  poluti  oo  sUrbmid  quvtci,  bat  It  ta  ptnCenblc  to  Uke  wind  broad  on  qutrtd  U  poaslUa. 

Storm  Taile,  Southern  Hemisphere. 


SkMttai 

Mwtod. 

Dkmtkm 
ofoouc. 

ObKTver  bcbic  alone  storm  mdi. 

North. 

WSW. 

Run SSE.           m 

and  make  as  much  way 
ble;  if  obliged  to  heave 
head  to  sea. 
Sailing  veaselB  haul  by 
port  tack,  and  cany  eai 
aspoesibteiifobligMto 
do  BO  on  port  tack. 

Run SSE.           « 

Run SSE.            a 

NNE. 

Wert. 

Run  South,  a  K|. 

Run  South,  gl-g- 
RunSSW.    gs--^ 
BunSW.      rfS 
RunWSW.  I  ■*■§ 

Run  South. -S  K2. 

NE. 

EN'B. 

NW. 

BunSW.      Il-S 
RunWSW.  R'3  1 

RunSW.      i;=S 
RunWSW.  s'Si 

Etsl. 

NNW. 

ESE. 

SB. 

NNE. 

Run  WNW.fi  5  » 

RunWNW.?_S 

Run  WNW.     S  " 

SSE. 

NE. 

BunNW.     .FPtrS 

BunNW.     ris- 
RunNNW.     II 
Run  North.     *  * 

South. 

ENE. 

Run  NNW.     $  £- 

Bun  NNW.      $  s- 
Run  North.      || 
Run  NNE.      g* 
Run  NE.         -   » 

SSW. 

East. 

Run  North.     tS 
Run  NNE.      gZ 
RunNB.        -^S 

Sff. 

ESE. 

Run  NNE.     -?« 

WSW. 

SE. 

Bun  NE.         -,■5 
Bun  ENE.       »| 

W«t. 

SSE. 

Bun  ENE.      g--S 
Run  East.        ,i 

Run  ESE.       *  of 

port  bow 
aspoeai- 

wind  on 
las  long 
heave  to, 

Run  ENE.       g^ 
Run  East.        .S 
Run  ESE.       »a-' 

WNW. 

South. 

RunEaet.       gE 

Run  ESE.       ®  « 

NW. 

SSW. 

NNW. 

SW. 

RunSE.          gS" 

Bun  SE.          g  s 

RunSE.          gJT 

■Cnmu  gtmi  >re  to  wind  two  points  on  port  qiurtsr,  but  tt  b  profenUo  to  take  wind  broad  on  quarter  If  poadUe. 

488.  ExTRA-TaopicAL  Ctclonio  Storms. — On  turning  to  the  cyclones  of  tem- 
perate latitudes,  we  find  many  features  in  which  they  resemble  those  of  the  torrid 
wne,  but  certain  other  features  in  which  they  differ.  Their  fundamental  resemblance 
to  tropical  cyclones  is  seen  in  their  incurving  winds,  forming  an  inflowing  left-handed 
s|»ral  about  the  center  of  low  pressure  in  the  northern  hemisphere,  an  innowing  right- 
unded  spiral  in  the  southern.  The  intensity  of  these  winds  varies  with  the  depth  of 
the  barometric  depression.  The  depression  itself,  however,  in  place  of  covering  a  few 
Qiilee,  Bs  is  the  case  in  the  tropics,  will  frecguently  have  a  diameter  of  several  hundred 
or  even  a  thousand  miles,  and  for  some  distance  aroimd  the  center  the  gradients  will 
have  a  tolerably  strong  value.  For  this  reason  tliere  ia  less  concentration  of  violence 
tlose  to  the  center,  and  the  calm  and  clear  central  space,  or  "eye,"  is  seldom  sharply 
developed,  although  it  is  not  uncommon  to  discover  a  gradual  weakening  or  failmg 
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of  the  winds,  and  sometimes  even  an  imperfect  breaking  away  of  the  clouds  as  the 
central  area  passes  over  the'observer.  "nie  form  of  tropical  cyclones  as  defined  by 
their  isobaric  lines  is  nearly  circular.  Extra-tropical  cyclones  are  as  a  rule  less 
symmetrical,  and  their  isobars  are  often  elongated  mto  an  oval  form,  the  longer  axis 
of  the  oval  trending  Qn  the  northern  hemisphere)  between  north  and  east — about, 
therefore,  in  the  direction  of  progression,  liie  steepest  gradients,  and  consequently 
the  strongest  winds,  are  apt  to  be  found  on  the  equaton&l  and  westerly  sides  of  tl^ 
depression. 

Extra-tropical  cyclones  generally  follow  an  easterly  course,  inclining  somewhat 
toward  the  pole;  but  they  occasionally  turn  to  one  side  or  the  other,  become  sta- 
■  tionary,  or  even  move  baclcward.  The  velocity  of  progression  varies  from  16  to  40 
miles  an  hour.  If  they  exist  as  independent  barometric  depressions,  with  strong 
upward  gradients  on  all  sides  of  the  center,  the  cyclonic  circulation  will  be  complete, 
the  wind  shifting  with  the  sun  for  an  observer  situated  in  the  equatorial  semicircle 
of  the  storm,  against  the  sun  for  an  observer  situated  in  the  polar  semicircle. 

Important  among  these  extra-tropical  cyclonic  disturbances  are  the  pamperos 
of  the  Argentine  coast.  These  stoima  are  primarily  caused  by  the  approach  and 
passa^  eastward  of  an  area  of  low  pressure,  around  wnich  the  winds  circulate  spirally 
m  a  nght-handed  direction.  They  vary  in  strength  and  duration  from  a  squall  to  a 
gale  of  great  violence.  Although  preceded  by  the  indications  which  characterize 
Sie  approach  of  cyclonic  storms  m  general,  yet  they  usually  break  with  such  sudden- 
ness, in  a  shift  oi  wind  from  the  northward  to  the  southwestward,  that  they  m^y 
become  particularly  dangerous  from  this  cause  alone.  They  usually  continue  to 
blow  and  die  out  in  the  southwest  quadrant. 

489.  Stobms  Alonq  TnB  Tbansatlantio  Steamship  Routes. — The  storma 
which  are  so  frequently  met  during  the  winter  season  alone  the  steamship  routes 
between  America  and  Europe  are  not,  as  a  rule,  due  to  centralbarometric  depressions 
but  to  depressions  having  a  trough  or  V  shape,  which  extend  southerly  from  the 
extensive  permanent  area  of  low  pressure  havingits  center  in  the  vicinity  of  Iceland. 

They  are  not  attended  oy  complete 
/^  cyclonic  circulations,  inasmuch  as 
tne  polar  gradients  which  would 
otherwise  give  rise  to  easterly  winds 
on  tliis  polar  side  are  lacking.  Their 
approach  is  heralded  by  a  gradual 
hauling  of  the  wind  to  southward, 
1^  which  IS  later  followed  (at  the  time 

of  passage  of  the  central  line  of  the 
trough)  by  a  change  to  NW.,  accom- 
-     nign       '  ->s_^  -  panied  by  heavy  rain  squalls  and  a 

Fia.  ;e.  rapid  increase  in  force.     The  general 

distribution  of  pressiu-e  and  the  sur- 
rounding winds  are  shown  in  figure  76.  Ilie  changes  in  wind  and  pressure  ensue 
much  more  rapidly  in  the  case  of  a  westward-bound  vessel  than  in  that  of  one  east- 
ward bound,  tne  rate  at  wliich  the  observer  and  the  depression  approach  each  other 
being  in  the  former  case  the  sum  of  his  own  westward  velocity  and  the  eastward 
velocity  of  the  trough,  in  the  latter  case  the  difi'erence  of  these  velocities. 
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CHAPTER  XX. 

TIDES. 


490.  Definitions. — Tidal  phenomena  present  themselves  to  the  obeerver 
nnder  two  aspects — as  alternate  elevations  and  depressions  of  the  sea,  and  as  recur- 
rent inflows  and  outflows  of  streams.  The  word  itde,  in  common  and  general  usage, 
is  mode  to  refer  without  distinction  to  both  the  vertical  and  horizontal  motions  of 
the  sea,  and  confusion  has  sometimes  arisen  from  this  double  appUcation  of  the  term ; 
in  its  strict  sense,  this  word  may  be  used  only  with  reference  to  the  changes  of  eleva- 
tion, while  the  recurrent  streams  are  properly  distinguished  as  tidal  eurrenis. 

The  tide  rises  until  it  reaches  a  maximum  height  called  high  water  or  high  tide, 
and  then  falls  to  a  minimum  level  called  low  vxUer  or  low  tide;  tjiat  period  at  nigh  or 
low  water  marking  the  transition  between  the  tides,  during  which  no  vertical  change 
can  be  detected,  is  called  stand. 

Of  the  tidal  currents,  that  whidi  arises  from  a  movement  of  the  water  in  a 
direction,  generally  speaking,  from  the  sea  toward  the  land,  is  called  .^ood,  and  that 
arising  from  an  opposite  movement,  ebb;  the  intermediate  period  between  the  ciir- 
rents,  during  whicn  there  is  no  horizontal  motion,  is  distinguished  as  alack.  Set  and 
Mft  are  terms  apphcable  to  the  tidal  currents,  the  first  referring  to  the  direction  and 
the  second  to  the  velocity.- 

Care  should  be  taken  to  avoid  confusing  the  terms  relating  to  tides  with  those 
fUnch  relate  to  tidal  currents. 

491.  Cause. — The  cause  of  the  tides  is  the  periodic  disturbance  of  the  ocean 
from  its  position  of  equilibrium  brought  about  through  the  periodic  differences  of 
attraction  upon  the  water  particles  of  the  earthy  by  the  moon,  and  to  lesser  degree, 
I^  the  sun,  on  account  of  their  relative  periodic  movements.  The  tide-producing 
force  of  the  moon  upon  a  particle  of  unit  mass  on  the  surface  of  the  earth  is  the 
difference  between  the  moon's  attraction  upon  the  ^ven  unit  mass  and  the  moon's 
Attraction  upon  the  entire  earth;  and  it  is  likewise  with  the  sun,  only  the  magnitude 
of  the  mean  tide-producing  force  is  in  this  case  reduced  to  about  two-fifths  of  the 
tide-producing  force  of  the  moon,  because  of  the  comparative  remoteness  of  the  sun 
fnHn  tiie  earth. 

A  particle  which  has  a  tide-producing  body  in  its  zenith  or  in  its  nadir  experi- 
ences, as  the  result  of  the  attraction  of  the  tide-producing  body,  an  effect  only  in  the 
vertical  direction  as  il  the  intensity  of  gravity  were  momentarily  lessened;  and  a 
particle  which  has  the  tide-producing  body  in  its  horizon,  being  tden  practically  at 
the  same  distance  from  the  tide-producing  body  as  the  center  of  the  earth,  experi- 
ences, as  the  result  of  the  attraction  of  tiie  tide-producing  body,  on  effect  which  is 
practically  all  in  the  vertical  direction  as  if  the  intensity  of  gravity  were  momentarily 
increased .  But  when  the  tide-produoing  body  is  in  any  other  situation  withreference 
to  an  attracted  particle,  the  attraction  is  porUy  directed  in  a  vertical  line  toward  the 
center  of  the  earth  and  partly  in  a  horizontal  direction  along  the  surface  of  the  earth. 
The  vertical  components  oi  the  attractions  of  the  tide-producing  bodies  can  not 
create  any  sensible  disturbance  on  the  existing  oceans;  but  the  horizontal  components 
of  SDch  attractions,  tending  to  produce  horizontal  movements  oeciUating  back  and 
forth  on  the  surface  of  the  earth,  are  effective  in  the  production  of  the  tides,  and,  by 
acting  upon  portions  of  the  oceans  that  are  susceptible  of  taking  up  stationary 
oscillations  in  approximate  unison  with  the  period  of  the  tide-producing  forces,  give 
rifle  to  the  dominant  tides. 

The  peculiarities  that  characterize  tlie  tides  of  many  localities  are  caused  by 

modifications  resulting  from  reffections  and  interferences  suffered  by  the  dependent 

wares  generated  by  t£e  dominant  tides.     Theory  is  not  yet  sufficiently  a<lvanced  to 

render  practicable  the  prediction  of  the  tides  where  no  ot^ervalions  have  been  made; 
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but  by  tbeory,  sapplementod  l^  the  obsarvatioD  of  actual  tidal  coudituHis  in  a  given 
locality  during  a  certain  period  of  time,  veiy  accurate  predictions  of  the  time  and 
height  of  the  tides  can  be  mado  for  that  locality. 

492.  EsTABLiBHUBNT. — High  and  low  water  occur,  on  the  average  of  the  twenty- 
eisht  days  comprising  a  lunar  month,  at  about  the  same  intervals  after  the  transit 
of  the  moon  over  the  meridian.  These  nearly  constant  intervals,  expressed  in  houts 
and  minutes,  are  known,  respectively,  as  the  lUgh  water  luraHdai  tnttrval  and  loio 
water  luniiidal  interval. 

The  interval  between  the  moon's  muidian  passage  at  any  place  and  the  tame 
of  the  next  succeeding  high  water,  as  observed  on  the  days  when  the  moon  is  at  full 
or  change,  is  called  the  vvigar  (or  common)  estdbliahmeTa  of  that  place,  or,  sometimes^ 
simply  the  otabliakTneTti.  This  interval  is  frequently  spoken  of  as  the  Hm^  of  Tagk 
wafer  onfuU  and  change  days  (abbreviated  "H.  W.  F.  &  C.");  for  since,  on  such 
days,  the  moon's  two  transits  (upper  and  lower)  over  the  meridian  occur  about 
midnight  and  noon,  the  vulgar  establishment  then  corresponds  closely  witii  the  local 
times  of  high  water.  When  more  extended  observations  have  been  made,  the  average 
of  all  high  water  lunitidal  intervals  for  at  least  a  lunar  month  is  taken  to  obtain  what 
is  termed,  in  distinction  to  the  vulgar  establishment,  the  corrected  estamsliment  of 
the  port,  or  mean  high  water  lunitidal  inierval.  In  defining  the  tidal  characteristics 
of  a  place  some  authorities  give  the  corrected  establishment,  and  others  the  vulgar 
establishment,  or  "high  water,  full,  and  change;"  calculations  based  upon  the  former 
will  more  accurately  represent  average  conaitions,  though  the  two  intervals  seldom 
differ  by  a  la^e  amount. 

Having  determined  the  time  of  high  water  by  applying  the  establishment  to  the 
time  of  moon's  transit,  the  navigator  may  obtain  the  time  of  low  water  with  a  fair 
degree  of  approximation  by  adding  or  subtracting  6^  13°'  (one-fourth  of  a  mean  lunar 
day);  but  a  closer  result  will  be  given  by  applymg  to  the  time  of  transit  the  mean 
low  water  lunitidal  iiUerval,  which  occupies  the  same  relation  to  the  time  of  low  water 
as  the  mean  high  water  lunitidal  intwval,  or  corrected  estabhshment,  does  to  the 
time  of  high  water. 

493.  Kanqb. — The  rarige  of  the  tide  is  the  difference  in  hei^t  between  low 
water  end  hi^h  water.  This  term  is  often  applied  to  the  difference  existing  under 
average  conditions^  and  may  in  such  a  case  be  designated  as  the  mean  range  or  mean 
rise  andfaU  to  distmguish  it  from  the  spring  range  or  neap  range,  which  are  the  rangee 
at  spring  and  neap  tides,  respectively. 

494.  SpBrao  AND  Neap  Tides. — At  the  times  of  new  and  full  moon  the  relative 
positions  of  sun  and  moon  are  such  that  the  high  water  produced  by  one  of  those 
bodies  occuiB  at  the  same  time  as  that  produced  by  the  other,  and  so  aJso  wit^  the 
low  waters;  the  tides  then  occurring,  called  spring  tides,  have  a  greater  range  than 
any.  others  of  the  lunar  month,  ana  at  such  tames  the  highest  high  tides  as  wdl  as 
the  lowest  low  tides  are  experienced,  the  tidal  range  bemg  then  at  its  maximum. 
At  tiie  first  and  third  quarters  of  the  moon  the  |>ositions  are  such  that  the  hMi  tide 
due  to  one  body  occurs  at  the  time  of  the  low  tide  due  to  the  other,  so  that  we  two 
actions  are  opposed ;  this  causes  the  neap  tides,  which  are  those  of  minimum  range, 
the  high  waters  being  lower  and  the  low  waters  higher  than  at  other  periods  of  me 
month. 

Since  the  horizontal  motion  of  the  water  depends  directiy  upon  the  rise  and  fall 
of  the  tides  it  follows  that  the  currents  will  be  greatest  at  springs  and  least  at  neajM. 

"The  effect  of  the  moon's  being  at  full  or  change  is  not  felt  at  once  in  all  parts  of  the 
world,  and  the  greatest  range  of  tides  does  not  generally  occur  until  one  or  two  days 
thereafter;  thus,  on  the  Atlantic  coast  of  North  America,  the  highest  tides  are 
experienced  one  day,  and  on  the  Atlantic  coast  of  Europe  two  days,  afterwards, 
though  on  the  Pacific  coast  of  North  America  thev  occur  nearly  at  full  and  change. 

495.  The  nearer  the  moon  is  to  the  earth  tne  stronger  is  its  attraction,  and  as 
it  is  nearest  in  perigee,  the  tides  will  be  larger  then  on  that  account,  and  consequently 
lees  in  apogee.  For  a  like  reason,  the  tides  will  be  increased  by  the  sun's  action  when 
the  eartn  is  near  its  perihelion,  about  the  1st  of  January,  and  decreased  when  near 
ite  aphelion,  about  the  1st  of  July. 

496.  The  height  of  the  tides  at  anv  place  may  undergo  modification  on  account 
of  strong  prevaili^  winds  or  abnormal  barometnc  conditions,  a  wind  blowing  off 
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Ibe  shore  or  a  hi^  barom^ric  tending  to  reduce  the  tides,  and  the  reverse.  The 
effect  of  atmospheric  presBure  is  to  create  a  difference  of  about  2  inches  in  the  height 
<rf  tide  for  every  tenth  of  an  inch  of  difference  in  the  barometer. 

497.  PsiuiNa  AND  Laooino. — ^The  tidal  day  is  the  variable  interval,  averaging 
24''  50",  between  two  alternate  high  or  low  waters.  The  amount  by  which  corre- 
qwnding  tides  grow  later  day  by  day — that  is.  the  amount  by  which  the  tidaj  day 
exceeds  24** — a  called  the  daily  retardaiion.  When  the  sun's  tidal  effect  is  such  as  to 
shorten  the  hinitidaj  intervals,  thus  reducing  the  length  of  the  tidal  day  and  causing 
the  tides  to  occur  earlier  than  usual,  there  is  said  to  he  a  priming  of  the  tide;  wl^, 
frtnn  atmilar  causes,  the  interval  is  lengthened,  there  is  saia  to  be  a  Jo^^nj/. 

498.  TTFESOPTiDEa. — ^The  observed  tide  is  not  a  sunple  wave;  it  is  a  compound 
d  several  elementary  imdulations,  rising  and  falling  from  the  same  common  plane, 
of  which  two  can  be  distinguished  and  separated  by  a  simple  grouping  of  the 
data.  These  two  waves  are  Known  as  the  semidiunuu  and  the  d%wnal  tides,  be- 
cause the  first,  if  alone,  would  give  two  high  and  two  low  waters  in  a  day,  while 
the  second  would  give  but  one  high  and  one  low  water  in  an  equivalent  period 
iA  time.    In  nearly  all  ports  these  two  tides  coexist,  but  the  proportion  between 

them  vuiee  remarkably  for  differ- 
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eat  seas.  The  effect  of  the  com- 
bination of  these  two  types  of 
tide  is  to  produce  a  diamal 
inequality,  both  in  the  height  of 
two  consecutive  high  or  low 
waters,  and  in  the  mtervals  of 
time  between  their  occurrence. 
The  hdg^t  of  the  diurnal  wave 
may  be  regarded  as  reaching  a 
maximum  fortnightly,  soon  alter 
the  moon  attaina  its  extreme  dec- 
lination and  is  ther^ore  near 
one  of  the  tropics.  The  tides 
that  then  occur  are  denominated 
tropic  tidea. 

In  undertaking  to  investi- 
gate the  tides  of  a  port  it  is  int- 
portant  to  ascertain  as  early  as 
posaibletheformof  the  tide;  that 
IS,  whether  it  resembles  the  semi- 
diurnal, the  diurnal,  or  the  mixed 
trpe;  because  not  only  may  this  information  be  of  scientific  value,  but  the  knowledge 
tims  gained  at  the  outeet  will  enable  the  observer  to  fix  upon  the  beet  method  of 
keeping  lus  record. 

499,  The  type  forms  referred  to  are  illustrsted  in  the  diagram  in  figure  77, 
where  the  waves  are  plotted  in  curves,  uung  the  times  as  abscissie  and  the  heU;ht8 
as  ordinstes.  In  this  diagram,  the  curve  traced  in  the  full  line  is  a  tide  wave  oi  the 
Bdmidiumal  type;  that  traced  by  the  dotted  line  one  of  the  diurnal;  while  the 
broken  line  is  one  of  the  mixed  type,  in  this  case  the  compound  of  the  two  others. 

In  order  to  determine  the  type  to  which  the  tide  of  any  port  belongs,  it  is  UBually 
mly  necessary  to  make  hourly  oMervations  for  a  day  or  two  at  the  date  of  the  moon's 
maximum  dwJination,  and  to  repeat  the  series  about  a  week  later,  when  the  moon 
crosses  the  equator.  The  reported  irregularities  of  the  rise  and  fall  at  any  place 
should  not  deter  persons  from  careful  investigation.  When  analyzed,  even  the  most 
complicated  of  tides  are  found  to  follow  some  general  law. 

•  600.  Tidal  Cdkbents. — It  should  be  clemy  borne  in  mind  by  the  navigator 
that  the  periods  of  fiood  and  ebb  currents  do  not  necessarily  coinciae  with  those  of 
risng  and  falling  tides,  and  that,  paradoxical  though  it  may  seem  at  first  thou^t, 
fte  mward  set  of  the  surface  current  does  not  always  cease  when  the  waterlias 
attained  its  maximum  height,  nor  the  outward  set  when  a  minimum  height  has  been 
tesched.    Under  some  circumstances  it  may  occur  that  stand  and  elack  will  be 
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sbnultaneous,  while  other  cooditioiis  may  produce  a  .mudmum  cutrent  at  stand.. 
with  a  maximum  rate  of  rise  or  fall  at  alack  water. 

The  Tarriog  eSects  which  will  be  produced  according  to  local  conditions  may 
be  coQsiderea  by  the  comparison  of  two  tidal  basins,  to  one  of  which  the  tide  wave 
has  access  from  the  sea  by  a  channel  of  ample  capacity,  while  the  other  has  an 
entrance  that  is  narrow  and  constricted.  In  the  first  case,  the  process  of  filling  w 
emptying  the  basin  keeps  pace  with  the  change  of  level  in  the  sea  and  is  practically 
complete  as  soon  as  the  height  without  becomes  stationary;  in  this  case  slack  and 
stand  occur  nearly  at  the  same  time,  as  do  flood  and  rise  and  ebb  and  fall.  In  the 
second  case,  the  mnited  capacity  of  the  mtrance  will  not  permit  the  basin  to  fill  or 
empty  as  rapidly  as  the  tide  changes  its  level  without ;  hence  there  is  still  a  difference 
of  level  to  produce  a  current  when  the  vertical  motion  in  either  direction  has  ceased 
on  the  outside,  and  for  a  considerable  time  after  motion  in  the  reverse  direction  has 
been  in  progrees:  under  extreme  conditions  it  may  even  occur  that  a  common  level 
will  not  be  established  until  mid-tide,  and  therefore  the  surface  current  at  some 
places  will  ebb  until  three  hours  after  low  water  and  flow  until  three  hours  after  high 
water. 

LocaUties  that  partake  of  the  nature  of  the  first  caae  are  those- upon  open  coasts 
and  wide-mouthed  l>ights.  Examples  of  the  latter  class  will  be  found  m  narrow 
bays  and  long  channels. 

tucbs  of  hioh  and  low  water. 

501.  TroB  Tables. — The  most  expeditious,  as  well  as  most  exact,  method  of 
ascertaining  the  timee  of  high  and  low  water  and  other  features  of  the  tides  will  be 
by  reference  to  a  Tide  Table,  and  every  navigator  is  recommended  to  provide  him- 
self with  such  a  publicati<m.  The  United  States  Coast  and  Geodetic  Survey  pub- 
lishee  annually,  in  advance,  tablee  giving,  for  every  day  in  the  year,  the  predicted 
time  and  heignt  of  the  tides  at  certain  prmcipal  ports  of  the  world,  and  from  theee, 
by  a  simple  reduction,  the  times  and  iieigbts  at  a  multitude  of  other  ports  may 
readily  be  obtained;  data  for  ascertaining  the  tidal  currents  in  certain  important 
r^ons  are  also  provided.  General  tide  tables  are  also  published  by  the  govern- 
ments of  other  maritime  nations,  and  special  tables  are  to  be  had  for  many  particular 
locaHtiee. 

502.  Where  no  tide  tables  are  avulahle,  the  method  of  calculation  by  applying 
the  lunitidal  interval  to  the  time  of  the  moon's  meridian  passage  must  be  resorted  to. 

•  To  do  this,  find  first  the  time  of  the  moon's  meridian  passage,  upper  or  lower, 
as  may  be  required.  The  Greenwich  mean  time  of  upper  transit  at  Greenwich  is 
given  in  the  Nautical  Almanac;  the  corresponding  time  of  lower  transit  is  most  easily 
found  by  taking  the  mean  of  the  two  adjacent  upper  transits ;  to  the  Greenwich  time 
<rf  Greenwich  transit  apply  the  correction  for  longitude  ^ven  in  Table  11  (using  the 
daily  variation  of  the  moon's  meridian  passage  shown  m  the  Almanac),  adding  in 
west  and  subtracting  in  east  longitude;  the  result  is  the  local  mean  time  of  local 
transit.  Add  to  this  the  high-water  or  low-water  lunitidal  interval  of  the  port  from 
Appendix  IVj  according  as  the  time  of  high  or  low  water  may  be  required.  "The 
result  is  the  time  souzht. 

The  astronomical  date  must  be  strictly  adhered  to,  and  in  so  doing  it  may  be 
found  necessary  to  employ  the  time  of  a  lower  transit,  or  the  transit  of  a  preceding 
day,  to  find  the  time  of  the  tide  in  question. 

Appendix  IV  contains,  besides  the  geographical  positions  of  all  the  more 
important  positions  in  the  world,  a  series  of  tid&I  data  relating  to  many  of  those 
places.  In  such  data  are  comprised  the  mean  lunitidal  intervals  for  hi^  and  low 
water*  also,  for  places  where  the  semi-diurnal  type  of  tide  prevails,  the  tidal  range 
at  spring  and  at  neap  tidea^  and  for  those  where  the  tide  is  of  the  diurnal  tjrpe,  t£e 
tropic  range.    An  alphabetical  index  is  appended  to  this  table. 

The  corrected  establishment  taken  from  the  charts  may  be  substituted  for  the 
hi^-water  lunitidal  interval  of  the  table ;  or,  with  only  slight  variation  in  the  results, 
the  vulgar  establishment  (H.  W.  F.  &  C.)  may  be  employed. 


r>' Google 


ExAicnx:  Find  the  times  ol  the  high  uid  Iot  waten  at  the  New  York  Navy  Ytxd,  occurring  next 
ler  noon  on  April  15, 1916. 

Trault  (Iwmr).  W  ai'  X^      Tramlt  (low«),  1*"  ai»  g^ 

H.W.LlUl.Ini.(Alip.lV),  8   «  L.W.LQn.Inl.{App,IV),         3    « 

)ia     a   M  lis     0    41 

A[r.l5,1.35       L.H.T.,T..W.,  {Apr.lS,lMt 

p.Bi.  I       p.m. 

Q  of  high  wftter  kt  the  Preeidio,  San  Francisco,  Gal.,  on  the  evening  of 


a'.HlTloCOrinppvtrUDlt;      17    11    H 

O.U.T.(dOr.I<>w<rtraatlt,       IS   U    00 
C«n.+03*Long.(T»b.ll*,      +              10 

kSt.l^L.'nipW;    "?SS 

■   L.  H.  T.,  H.  W..                         {'M,!'lJ,'?a»  p.  m. 

ElAl 

kflk:  Find  the  tin 

le  of  low  mter  at  Singapore  on  the  night  of  Uay  21 

1S16. 

O.  H.  T.  at  Or.  uppar  transit 
O.M.T.0I  Or.  uppar  tranilt 

3)42      7   57 

0.  M.  T.  ol  Or.  knrtr  tiunit                31      3    B> 
Corr.  lor  -WH"  Ung.  (Tab.  11),  -                IJ 

ir.S.tt'ESSS.Wr'--   H-  »  !  g 

1.1I.T..L.W., 

pi      7    44 

GxAjmE:  Find  the  time  of  morning  high  water  and  afternoon  low  water  at  Oihtaltar  on 

June  19, 

Con.' +5'  Unt-  (Tkb.  11), 

U  H.  T.  of  local  tiaoslt, 
H.W.Lan.Iiit.(App.iv), 

UILT.,  H.  W., 

0.  H.  T.  ol  Or.  upper  ttaoalt, 
O.lLT.ot  Or.  nppur  transit, 

0.  K.  T.  ot  Or.  lowv  transit, 
Con.ror+6*LOQf.(Tab.ll). 

L.  M.  T.  at  local  low«  trmnsR, 
L.  W.  Um.  int.  (App.  IV), 

1S<  ]»1^ 
»    10   05 

a]ss    7  17 

+'•  'S 

IB      S   40 
7    tS 

L.  M.  T.,  1.  W., 

fl)    11    SS 
\)tlMW,ll.SSp.m. 

TIDAL  OBSBBVATION8. 

503.  Since  navigators  will  frequentlv  ha\e  opportunity  to  observe  tidal  con- 
ditiona,  either  iti  connection  with  a  hjarographic  surrey  or  otherwise,  et  places 
where  existing  knowledge  of  the  tides  ia  incomplete,  an  understanding  of  the  methods 
employed  in  tidal  observations  may  be  important. 

604.  Ttoes. — For  the  proper  study  01  tides,  frequent  and  continuous  ohserva- 
tions  are  necessary;  it  will  not  suffice  to  observe  the  heights  of  the  high  and  low 
waters  only,  even  if  they  present  themselves  as  distinct  phases,  but  the  idiole  tidal 
cnrve  for  each  day  should  be  developed  by  recording  the  height  of  water  at  intervals, 
wiwch,  preferably,  should  not  exceed  thirty  minutes.  Observations,  to  be  complete, 
must  cover  a  whole  Ixmar  month ;  or,  if  it  be  impracticable  to  observe  the  tides  at 
ni^t,  the  day  tides  of  two  lunar  months  may  be  substituted. 

606.  When  made  for  the  purposes  of  a  hydrographic  survey,  the  tidal  ohservationa 
ue  used  to  correct  the  soimdit^,  and  care  must  be  taken  to  make  sure  that  the 
gauffe  is  placed  in  a  situation  visited  by  the  same  form  of  tide  as  that  which  occurs 
at  the  pmce  where  soundings  are  being  made.    It  will  not  answer,  for  instance,  to 
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correct  the  soundings  upon  an  inlet  bar  by  tidal  observations  made  within  the  lagoon 
with  which  this  inlet  communicates,  because  the  range  of  the  tide  within  the  lagoon 
IB  le3s  than  upon  the  outaide  coast.  A  partial  obstruction,  like  a  bridge,  or  a  natural 
contraction  oi  the  channel  section,  while  it  may  not  reduce  the  total  range  of  the  tide 
or  materially  affect  the  time  of  high  or  low  tides,  will  slt«r  the  relative  heights  above 
and  below  at  intermediate  stages,  so  that  the  hydrographer  must  be  careful  to  see 
that  no  such  obstruction  intervenes  between  his  field  of  work  and  the  gauge. 

506.  Tidal  Cukeents. — Observations  for  tidal  cmrents  should  oe  made  with 
the  same  regularity  as  for  tides;  the  intervals  need  not  ordinarily  be  more  frequent 
than  once  in  every  half  hour.  They  should  always  be  made  at  the  same  point  or 
points,  which  should  be  far  enough  n-om  shore  to  be  representative  of  the  conditions 
prevwiing  in  the  navigable  waters.  The  ordinary  log  may  be  employed  for  measuring 
the  current,  but  it  is  better  to  replace  the  clup  by  a  pole  weighted  to  float  upright 
at  a  depth  of  about  fifteen  feet;  the  line  should  he  a  very  light  one,  and  buoyed  at 
intervals  by  cork  floats  to  keep  it  from  sinking;  the  set  of  the  current  should  be 
noted  by  a  compass  bearing  of  tne  direction  of  the  pole  at  the  end  of  the  observation. 

507.  Reoobd. — The  record  of  observations  should  be  kept  cteu'ly  and  in 
complete  form.  It  should  include  a  description  of  the  locality  of  observation,  the 
nature  of  gauge  and  of  instruments  used  for  measuring  ciurents,  and  the  exact  position 
of  both  tidal  and  current  stations,  together  with  situation  and  height  of  bench  mark. 
The  time  of  making  each  observation  should  be  shown,  and  data  given  for  reduction 
to  some  standard  time.  In  extended  tidal  observations  the  meteorological  conditions 
should  be  carefully  recorded,  the  instruments  used  for  the  observations  being  properly 
compared  with  standards. 

508.  There  are  frequently  remarkable  facte  in  reference  to  tides  and  currents 
to  be  obtained  from  persons  having  local  knowledge;  these  should  be  examined  and 
recorded.  The  data  and  circumstances  of  the  bluest  and  lowest  tides  ever  known 
form  important  itoms  of  information. 

609.  Planes  op  Refekence. — The  pfaiw  of  reference  is  the  plane  to  which 
soundings  and  tidal  data  are  referred.  One  of  the  principal  objects  of  observing 
tides  when  making  a  survey  is  to  furnish  the  means  for  reducing  the  soimdings  to 
this  plane.  Four  planes  of  reference  are  used;  namely,  mean  low  water,  mean  low 
water  springs,  mean  lower  low  waters,  and  the  harmonic  or  Indian  tide  plane. 

Mean  ww  water  is  a  plane  whose  depression  below  mean  sea  level  corresponds 
with  half  the  mean  semidiurnal  range,  while  the  depression  of  inean  low  water  S'prings 
corresponds  with  half  the  mean  range  of  spring  tiae:  mean  lower  low  water  depends 
upon  the  diurnal  inequality  in  high  and  low  water;  tne  Itarmonic  or  Indian  tide  plane 
was  adopted  as  a  convenient  means  of  expressing  something  of  an  approximation 
to  the  level  of  low  water  of  ordinary  spring  tides,  out  where  there  is  a  lafge  diurnal 
inequity  in  low  waters  it  fiUls  considerably  below  the  true  mean  of  such  tides. 

As  these  planes  may  differ  considerably,  it  is  important  to  ascertain  which  plane 
of  reference  is  adopted  before  making  use  of  any  chart  or  considering  data  concerning 
the  tides. 

510.  The  tides  are  subject  to  so  many  variations  dependent  upon  the  movements 
of  the  sun  and  moon,  and  to  so  many  irregularities  due  to  the  action  of  winds  and 
river  outSows,  that  a  very  long  series  of  observations  would  be  necessary  to  flx  any 
natural  plane.  In  consideration  of  this,  and  keeping  in  view  the  possibihties  of 
repetitions  of  the  surveys  or  subsequent  discoveries  within  the  field  of  work,  it  is 
necessary  to  define  the  position  of  the  plane  of  reference  which  has  resulted  from  any 
series  of  observations.  This  is  done  by  leveling  from  the  tide  gauge  to  a  permanent 
bench,  precisely  as  if  the  adopted  plane  were  arbitrary. 

511.  Bench  Makk. — The  phnbh  of  a  lighthouse,  the  water  table  of  a  substantial 
building,  the  base  of  a  monument,  and  the  Uke,  are  proper  benches;  and  when  these 
are  not  within  reach  a  mark  may  be  made  on  arocknot  likely  to  be  moved  or  started 
by  the  frost,  or,  if  no  rock  naturally  exists  in  the  neighborhood,  a  block  of  stone 
buried  below  the  reach  of  frost  and  plowshare  should  be  the  resort.  When  a  bench 
is  made  on  shore  it  should  be  marked  by  a  circle  of  2  or  3  ioches  diameter  with  a 
«ross  in  the  center  indicating  the  reference  point.  The  levehnga  between  this  point 
and  the  gauge  should  be  run  over  twice  and  the  details  recoraed.  A  bench  made 
upon  a  w^arf  or  other  perishable  structure  is  of  little  value,  but  in  the  absence  of 
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peimanent  objects  it  is  better  than  nothing.  The  marks  should  be  cut  in,  if  on  stone, 
snd  il  on  wood,  copper  nails  should  be  used.  The  bench  must  be  sketched  and 
carefully  described,  and  its  location  marked  on  the  bjdrographic  sheet,  with  a  state- 
ment of  the  relative  position  of  the  plane  of  reference. 

512.  The  leveling  from  the  bench  mark  to  the  tide  gauge  mav  be  done,  when  a 
leveling  mstrument  is  not  available,  by  measuring  the  difference  of  height  of  a  number 
cflT  intermediate  pointe  by  means  of  a  long  straight-edged  board,  held  horizontal  by 
the  aid  of  a  carpenter's  spirit  level,  or  even  a  plummet  square,  taking  care  to  repeat 
each  step  with  the  level  inverted  end  for  end.  A  line  of  sight  to  the  sea  horizon, 
when  it  can  be  seen  from  the  bench  across  the  tide  staff,  will  afford  a  level  line  of 
sufficient  accuracy,  especially  when  observed  with  the  telescope.  It  may  often  be 
convenient  to  combine  theee  methods. 

613.  Tide  Gacoes. — The  jStojf  Gauge  is  the  simplest  device  for  measuring  the 
boghts  of  tides,  and  in  perfectly  sheltered  locaUties  it  is  the  best.  It  consists  of  a 
vertical  staff  graduated  upward  in  feet  and  tenths,  and  so  placed  that  its  zero  shall 
Be  below  the  lowest  tides.  The  same  gauge  may  also  be  used  where  the  surface  is 
rough,  if  a  glass  tube  with  a  float  inside  is  secured  alongside  of  the  staff,  care  being 
taken  to  practically  close  the  lower  end  of  the  tube  so  as  to  exclude  undulations ; 
readings  may  abo  be  made  by  noting  the  point  midway  between  the  crest  and  trough 
of  the  waves. 

A  staff  gauge  should  always  be  erected  for  careful  tidal  observations,  even  where 
other  classes  of  gauge  are  to  be  employed,  as  it  furnishes  a  standard  for  comparison 
of  absolute  heights,  and  also  serves  to  detect  anv  defects  in  the  mechanical  details 
upon  which  all  other  gauges  are  to  a  greater  or  less  extent  dependent. 

514.  Where  there  is  considerable  swell,  and  where,  from  the  situation  of  the 
gauge  or  the  great  range  of  the  tide  (making  it  inconvenient  for  the  observer  to  see 
uie  figures  in  certainpositions)  the  staff  gauge  can  not  be  used,  recourse  must  be  had 
to  the  Box  Gauge.  This  gauge  consists  of  a  vertical  box,  closed  at  the  bottom,  with 
a  few  small  holes  in  the  lower  part  which  admit  sufficient  water  to  keep  the  level 
within  equal  to  ihe  mean  level  without  but  which  do  not  permit  the  admission  of 
water  with  sufficient  rapidity  to  be  affected  by  the  waves.  Within  the  box  is  a 
copper  float;  in  some  cases  this  ffoat  carries  aeraduated  vertical  rod  whose  portion 
with  T^erence  to  a  fixed  point  of  the  box  affords  a  measure  for  the  height  of  the 
water;  in  other  gauges  of  this  class  the  float  is  attached  to  a  wire  or  cord  which 
passes  over  pulleys  and  terminatee  in  a  counterpoise  whose  position  on  a  vertical 
graduated  scale  shows  the  height  of  tide. 

515.  An  Automatic  Gauge  requires  a  box  and  float  such  as  has  just  been  described. 
The  motion  of  the  float  in  rising  and  falling  with  the  tide  is  communicated  to  a  pencil 
which  rests  upon  a  moving  sheet  of  pf^r;  uniform  motion  is  imparted  to  the  paper 
by  Uie  revolution  of  a  cylmder  driven  by  clockwork;  the  motion  of  the  pencil  due  to 
the  tide  is  in  a  direction  perpendicular  to  the  direction  of  motion  of  the  paper,  and 
a  curve  is  thus  traced,  of^  which  one  coordinate  is  time  and  the  other  height,  The 
paper,  which  is  usually  of  sufficient  length  to  contain  a  month's  record,  is  paid  out 
m>m  one  cylinder,  passes  over  a  second  whereon  it  receives  the  record  and  is  roUed 
Qpon  a  third  cylinder,  which  thus  contains  the  completed  tidal  sheet. 

This  gauge,  besides  giving  a  perfectly  continuous  record,  has  the  further  merit 
d  requiring  but  little  of  the  observer's  time.  But  its  indications,  both  of  time  and 
heights,  should  be  checked  by  occasional  comparisons  with  the  standard  clock  and 
the  staff  gauge,  the  readings  of  which  should  be  noted  by  hand  at  appropriate  points 
of  the  graphic  record. 

A  newer  type  of  automatic  gauge  prints  the  date,  the  time,  and  the  stage  of 
the  tide  every  five  mioutes  on  a  paper  tape. 
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CHAPTER  XXI. 
OOEAN  OUSBENTS. 


516.  An  ocean  current  is  a  progressive  horizontal  motion  of  the  wat«r  occurring 
throughout  a  region  of  tjie  ocean,  aa  a  result  of  which  all  bodies  floating  therein  axe 
carried  with  the  stream. 

The  set  of  a  current  is  the  direction  toward  which  it  flows,  and  its  drift,  the  velocity 
of  the  flow. 

517.  Gaube. — The  principal  cause  of  the  superficial  ocean  currents  is  the  wind. 
Every  breeze  sets  in  motion,  by  ita  friction,  the  surface  particles  of  the  water  over 
which  it  blows;  this  motion  of  the  upper  stratum  is  imparted  to  the  stratum  next 
beneath,  and  thus  the  general  movement  is  communicated ,  each  layer  of  particles  acting 
upon  the  one  below  it,  until  a  current  is  established.  The  direction,  depth,  strength, 
and  permanence  of  such  a  current  will  depend  upon  the  direction,  steadiness,  and  force 
of  the  wind;  ail,  however,  subject  to  modification  on  account  of  extraneous  causes, 
such  as  the  intervention  of  land  or  shoals  and  the  meeting  of  conflicting  currents. 

A  minor  cause  in  the  generation  of  ocean  currents  is  the  difference  in  density  of  the 
sea  water  in  different  regions,  as  a  result  of  which  a  set  is  produced  from  the  more 
dense  toward  the  less  dense,  in  the  effort  to  establish  equUibrium  of  pressure;  the 
difference  of  density  may  be  due  to  temperature,  the  warmer  water  near  the  equator 
being  less  dense  than  the  colder  water  of  higher  latitudes;  or  it  may  be  created  by  a 
difference  in  the  amount  of  contained  sahne  matter,  resulting  frem  evaporation, 
freezing,  or  other  causee.  Another  minor  factor  that  may  have  mfluence  upon  ocean 
currents  is  the  difference  of  pressure  exerted  by  the  atmosphere  upon  the  water  in. 
different  regions.  But  neither  of  the  last^mentioned  causes  may  De  regarded  as  of 
great  importance  when  compared  with  the  influence,  direct  and  indirect,  of  the  wind. 

518.  ScBUABiNE  CuRBENTs. — In  any  scientific  investigation  of  the  circulation 
of  ocean  watera  it  is  necessary  to  take  account  of  the  submarine  currents  as  well 
as  those  encountered  upon  the  surface;  but  for  the  practical  purposes  of  the  navigator 
the  surface  currents  alone  are  of  interest. 

519.  Methods  of  Detebuination . — The  methods  of  determining  the  exist- 
ence of  a  current,  with  its  set  and  drift,  may  be  divided  into  three  classes;  namely, 
(a)  by  observations  from  a  vessel  occupying  a  stationary  position  not  affected  by  the 
current;  (6)  by  comparison  of  the  position  of  a  vessel  under  way  as  ^ven  by  obser- 
vation with  that  given  by  dead  reckoning;  and  (c)  by  the  drift  of  objects  abandon^ 
to  the  current  in  one  locality  and  reappearing  in  another. 

520.  Of  these  methods  the  first  named,  by  observations  from  a  vessel  at  anchor, 
is  by  far  the  most  accurate  and  reliable,  but  being  possible  only  under  special  circum- 
stances is  not  often  available.  The  most  valuaUe  information  about  ocean  currents 
being  that  which  pertains  to  conditions  in  the  open  sea,  the  great  depths  there  existing 
usually  preclude  the  possibihty  of  anchoring  a  vessel;  ships  especially  fitted  for  the 
purpose  have  at  times,  however,  carried  out  current  observations  with  excellent 
results;  the  most  notable  achievements  in  this  direction  are  those  of  the  survey  of 
the  Guif  Stream,  made  by  United  States  naval  officers  acting  under  the  Coast  and. 
Geodetic  Survey,  during  which  the  vessel  was  anchored  and  observations  were  made 
in  positions  where  the  depths  reached  to  upward  of  2,000  fathoms. 

521.  The  method  of  determining  current  from  a  comparison  of  positions  obtained 
respectively  by  observation  and  by  dead  reckoning  is  the  one  upon  which  our  knowl- 
edge must  largely  depend.  This  method  is,  however,  always  subject  to  some  inac- 
curacy, and  the  results  are  frequently  quite  erroneous,  for  the  so-called  current  is 
thus  made  to  embrace  not  only  the  real  set  and  drift,  but  aJso  the  errors  of  observa^ 
tion  and  dead  reckoning.  In  the  case  of  a  modem  steamer  accurately  steered  and 
equipped  with  good  instruments  for  determining  the  speed  through  the  water  as  well 
as  the  position  oy  astronomical  observations,  tne  current  may  1^  arrived  at  by  this 
method  with  a  fairly  close  degree  of  accuracy.  It  is  not  always  possible,  however, 
to  keep  an  exact  reckoning,  and  this  is  especially  true  in  sailing  vessels,  where  the 
conditions  render  it  difficult  to  determine  correctly  the  position  by  account;  this 
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Bonrce  of  error  mav  be  combined  witb  faulty  instrumental  determinations,  ^ving 
apparent  currents  tuffering  widely  from  those  that  really  exist. 

522.  Much  useful  knowledge  regarding  ocean  currents  has  been  derived  from 
the  observed  drift  of  objects  ^om  one  to  another  locality.  This  is  true  not  only^  of 
the  bottles  thrown  OTerooard  from  vessels  with  the  particular  object  of  determining 
the  currents,  but  also  of  derelicts,  drifting  buoys,  and  pieces  of  wreckage,  which 
fulfill  a  similar  mission.  The  deductions  to  oe  drawn  from  such  drift  are  of  a  general 
nature  only.  The  point  of  departure,  point  of  arrival,  and  elapsed  time  are  all  that  are 
positively  known.  The  route  followed  and  the  set  and  drift  of  currentat  different  points 

-  are  not  indicated,  and  in  the  case  of  objects  floating  otherwise  than  in  a  completely 
submei^ed  condition  account  must  be  taken  of  the  fact  that  the  drift  is  influenced 
by  the  wind.  But  even -this  general  information  is  of  great  value  in  researches  as  to 
ocean  currents,  and  navigators  who  desire  to  aid  in  the  work  of  investigation  may  do 
so  by  throwing  overboara,  from  time  to  time,  sealed  bottles  containing  a  statement 
of  date  and  position  at  which  they  are  launched. 

523.  CuBRBNTS  OF  THE  ATLANTIC  OcBAN, — ^A  Consideration  of  the  currents  of 
the  Atlantic  most  conveniently  begins  with  a  description  of  the  Eguatorial  Currents. 
1^  effect  of  the  northeast  and  southeast  trade  winds  is  to  form  two  great  drift  cur- 
rents, setting  in  a  westerly  direction  across  the  Atlantic  from  Afnca  toward  the 
American  continent,  whose  combined  width  covers  at  times  upward  of  fifty  degrees 
of  latitude.  These  are  distinguished  as  the  Northern  or  Southern  Eqyuitonal  Currenis, 
according  as  they  rise  from  the  trade  winds  of  the  northern  or  southern  hemisphere. 

Of  the  two,  the  Southern  Equatorial  Current  is  the  more  extensive.  It  has  its 
Diisn  off  the  continent  of  Africa  south  of  the  Guinea  coast,  and  begins  its  flow  with 
a  daily  velocity  that  averages  about  15  miles;  it  maintains  a  general  set  of  west,  the 
porLion  near  the  equator  acquiring  later,  however,  a  northerly  component,  while  the 
arift  steadily  increases  until,  on  arriving  off  the  South  American  coast,  a  rate  of  60 
miles  is  not  uncommon.  At  Cape  San  Hoque  the  current  bifurcates,  the  main  or 
equatorial  branch  flowing  along  the  Guiana  coast,  while  the  other  branch  is  deflected 
to  the  southward. 

The  Northern  Equatorial  Current  originates  to  the  northward  of  the  Cape  Verde 
Islands  and  sets  across  the  ocean  in  a  direction  that  averages  due  west;  though 
paraUel  to  the  corresponding  southern  drift,  its  velocity  is  not  so  hi^. 

524.  Between  tne  Northern  and  Southern  Equatorial  Currents  is  found  the 
'  Egmiorial  Coujiier  Current  setting  to  the  eastward  under  the  propelling  force  of  the 

Bonthwest  monsoon,  which  prevails  over  an  elongated  area  oi  vaiying  extent  lying 
north  of  the  equator  and  'stretching  westward  m>m  the  southwestern  part  of  the 
salient  extenaon  of  the  continent  of  Africa.  The  extent  and  strength  of  this  current 
thus  vari^  with  the  seasonal  extent  of  the  monsoon  area,  being  a  maximum  in  July 
and  August,  when  its  effect  is  apparent  to  the  westward  of  the  fiftieth  meridian  of 
west  longitude,  while  at  its  minimum^  in  November  and  December,  its  influence  is 
bat  slight  and  prevails  for  only  a  limited  distance  from  the  African  coast. 

525.  To  the  westward  of  the  region  of  the  Equatorial  Counter  Current  the 
North  and  the  South  Equatorial  Currents  unite.  A  large  part  of  the  combined 
stream  flows  into  the  Caribbean  Sea  through  the  various  passages  between  the 
Windward  Islands,  takes  up  a  course  first  to  the  westward  and  then  to  the  northward 
ud  westward,  finally  arriving  off  the  extremity  of  the  peninsula  of  Yucatan;  from 
here  some  of  the  water  follows  the  shore  line  of  the  Guff  of  Mexico,  while  another 

Con  passes  directly  toward  the  north  Cuban  coast;  by  the  reuniting  of  these  two 
ches  in  the  Straits  of  Florida  there  is  formed  the  most  remarkable  of  all  ocean 
currents — the  Gulf  Stream. 

From  that  portion  of  the  combined  equatorial  currents  which  fails  to  find 
enhance  to  the  Caribbean  Sea  a  current  of  moderate  strength  and  volume  takes  its 
course  along  the  north  coasts  of  Porto  Rico,  Haiti,  and  Cuba,  flows  between  the 
last-named  island  and  the  Bahamas,  and  enters  the  Gulf  Stream  off  the  Florida  coast, 
thus  adding  its  waters  to  those  of  the  main  branch  of  the  Equatorial  Current  which 
have  arrived  at  the  same  point  bv  wav  of  the  Caribbean,  the  Yucatan  Passage,  and 

526.  The  Gvlf  Stream,  which  has  its  ongm,  aa  has  been  described,  in  the  Straits 
of  Fbrida,  and  receives  an  accession  from  a  branch  of  the  Equatorial  Current  off 
&e  Bahamas,  flows  in  a  direction  that  averages  true  north  as  lar  as  the  paralleWf)^ 
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31°,  then  curree  sharply  to  ENE.  until  reaching  the  latitude  of  32^,  when  a  directioii 
a  little  to  the  north  ofNE.  is  assumed  and  maintained  as  far  as  Cape  Hatt^as;  at 
this  point  its  axis  ia  about  40  miles,  while  its  inner  edge  is  in  the  neighhorhood  of  20 
miles  off  the  shore.  Thus  far  in  its  flow  the  average  position  of  the  maximum  current 
is  from  11  to  20  miles  outside  the  100-fathom  curve,  disregarding  the  irregularities 
of  the  latter,  ftnd  the  width  of  the  stream — about  40  miles — is  nearly  uniform.  From 
off  Hatteras  the  stream  broadens  rapidly  and  curves  more  to  the  eastward,  seeking 
deeper  water;  its  northern  limit  may  be  stated  to  be  60  to  80  miles  off  Nantucket 
Shoals  and  120  to  150  miles  to  the  southward  of  N'ova  Scotia,  in  which  latter  place 
it  has  expanded  to  a  width  of  about  250  miles.  Farther  on  its  identity  as  the  Gulf 
Stream  is  lost,  hut  its  general  direction  is  preserved  in  a  current  to  be  described  later. 

The  water  of  the  GuH  Stream  is  of  a  deep  indigo-blue  color,  and  its  junction 
with  ordinary  sea  water  may  be  plainly  recogDized;  m  moderate  weather  the  edges 
of  the  stream  are  marked  by  ripples ;  in  cool  regions  the  evaporation  from  its  surface, 
due  to  difference  of  temperature  between  air  and  water,  is  apparent  to  the  eye;  the 
stream  carries  with  it  a  qutmtity  of  weed  known  as  "gutf  weed,"  which  is  familiar 
to  all  who  have  navigated  it  waters. 

In  its  progress  m)m  the  tropics  to  bi^er  latitudes  the  transit  Is  so  rapid  that 
time  is  not  given  for  more  than  a  partial  cooUng  of  the  water,  and  it  is  therefore 
found  that  the  Gulf  Stream  is  very  much  warmer  than  the  neighlwring  waters  of  the 
seas  through  which  it  flows.  This  warm  water  is,  however,  divided  by  bands  of 
markedly  cooler  water  which  extend  in  a  direction  parallel  to  the  axis  and  are  usually 
found  near  the  edges  of  the  stream  of  warm  water.  The  most  abrupt  change  from 
warm  to  cold  water  occurs  on  the  inshore  side,  where  the  name  of  the  Cold  Wall  has 
heea  given  to  that  band  which  has  appeared  to  some  oceanc^ranhers  to  form  the 
northern  and  western  boundary  of  the  stream. 

The  investigations  of  Pillsoury  tend  to  prove  that  the  thermometer  is  only  an 
approximate  guide  to  the  direction  and  velocity  of  the  current.  Though  it  indicates 
the  limits  of  Uie  stream  in  a  general  way,  it  must  not  be  assumed  that  the  greatest 
velocitv  of  flow  coincides  with  the  highest  temperature,  nor  that  the  northeasterly 
set  will  be  lost  when  the  thermometer  shows  a  region  of  cold  sea  water. 

.  The  same  authority  has  also  demonstrated  that  in  the  vicinity  of  the  tand  there 
is  a  marked  variation  in  the  velocity  of  current  at  different  hours  of  the  day,  whicli 
may  amount  to  upward  of  2  knots,  and  which  is  due  to  the  elevation  and  depression 
of  tne  sea  as  a  result  of  tidal  influences,  the  maximum  current  being  encountered  at 
a  period  which  avert^es  about  three  hours  after  the  moon's  transit.  Another  effect 
noted  is  that  at  those  times  when  the  moon  is  near  the  eq'iiator  the  current  presents 
a  nasrow  front  with  verv  high  velocity  in  the  axis  of  maximum  strength,  while  at 
periods  of  great  northerly  or  southerly  declination  the  front  broadens,  the  current 
decreasing  at  the  axis  and  increasing  at  the  edges.  These  tidal  effects  are  not, 
however,  observed  in  the  open  sea. 

The  velocity  of  the  Gulf  Stream  varies  with  the  seasons,  following  the  variation 
in  the  intensity  of  the  trade  winds,  to  which  it  laively  owes  its  origin.  The  drift  of 
the  current  under  average  conditions  may  be  statra  as  follows: 

Between  Key  West  and  Habana:  Mean  surface  velocity  in  axis  of  maximum 
current,  2}  knots;  allowance  to  be  made  by  a  vessel  croesing  the  entire  width  of  the 
stream,  1.1  knots  per  hour. 

OnFoweyKocks:  Mean  surface  velocity  in  axis,  3.6  knots;  allowance  in  crossing, 
2i  knots  per  hour. 

Off  Cape  Hatteras:  Mean  surface  velocity  ia  axis,  upward  of  2  knots;  allowance 
in  crossing  the  stream,  1}  knots  per  hour  between  the  100-fathom  curve  and  a  point 
40  miles  outside  that  curve. 

627.  After  passing  beyond  the  longitude  of  the  easternmost  portions  of  Nortii 
America,  it  is  generally  regarded  that  the  Gulf  Stream,  as  such,  ceases  to  exist;  bat 
by  reason.of  the  prevalence  of  westerly  winds  the  direction  of  the  set  toward  Europe 
is  continued  untu  the  continental  ehores  are  approached,  when  the  current  divides, 
one  branch  going  to  the  northeastward  and  entering  the  Arctic  r^ons  and  the  other 
running  off  toward  the  south  and  east  in  the  direction  of  the  Afncan  coast.  These 
currents  have  received,  respectively,  the  designations  of  the  Easterly,  Iforthutat,  and 
Southeast  Drift  Currenie. 

■  528.  The  effect  of  the  currents  thus  far  described  is  to  create  a  general  circular- 
tion  of  the  surface  waters  of  the  North  Atlantic,  in  a  direction  coinciding  with  that 
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of  the  hands  of  a  watch,  about  the  periphery  of  a  huge  ellipse,  whose  liiuito  of  latitude 
may  be  considered  as  20°  N.  and  40°  N.,  and  which  is  bounded  in  lonratude  by  the 
eastern  and  western  continents,  lite  central  space  thus  uiclosed,  in  which  no  well- 
mailed  currents  are  observed,  and  in  the  waters  of  which  great  quantities  of  the 
Sargaseo  orgulf  weed  are  encoontered,  is  known  as  the  Sargasso  Sea. 

S39.  The  Southeast  Drift  Current  carries  its  waters  to  the  northwest  coast  of 
Africa,  whence  they  follow  the  general  trend  of  the  land  from  Cape  Spartel  to  Cape 
Verde.  From  tbis  point  a  largepart  of  the  current  is  deflected  to  the  eastward  close 
ak)Dg  the  upper  Guinea  coast.  Tne  stream  thus  formed,  greatly  augmented  at  certain 
seasons  by  the  prevailing  monsoon  and  by  the  waters  earned  eastward  with  the 
Ei^natorial  Counter  Current,  is  called  the  &uinea  Ourrent.  A  remarkable  character- 
istic of  this  current  is  the  fact  that  its  southern  limit  is  only  sli^tly  removed  from 
the  northern  edge  of  the  west-moving  Equatorial  Current,  the  eSect  being  that  the 
two  cnrrents  flow  side  by  aide  in  close  proximity,  but  in  diametricaUy  opposite 
directions. 

530.  The  Ardic  or  LcAradw  Current  sets  out  of  Davis  Strait,  flows  southward 
down  the  coasts  of  Zjabrador  and  Newfoundland,  and  thence  southwestward  past 
Nova  Scotia  and  the  coast  of  the  United  States,  being  found  inshore  of  the  Gulf 
Stieam.  It  brings  with  it  the  ice  so  frequently  met  at  certain  seasons  off  New- 
foundland. 

531.  RenneUs  Current  was  formerly  represented  as  a  temporary  but  exten^re 
stream  setting  at  times  from  the  Bay  of  Biscay  toward  the  west  and  northwest  across 
the  English  Channel  and  to  the  westward  of  Cape  Clear.  The  most  recent  investiga- 
tions fail  to  reveal  such  a  feature,  but  disclose  only  a  narrow  current  of  reaction 
moving  northward  along  the  coast  of  France  when  the  winds  have  forced  tbe  waters 
above  the  usual  level  at  the  head  of  the  Oulf  of  Oascoyne. 

SSZ.  Of  the  two  branches  of  the  Southern  Equatorial  Current  which  are  formed 
by  its  bifurcation  off  Cape  San  Roque,  the  northern  one,  setting  along  the  coasts  of 
northeastern  Brazil  and  of  Guiana  and  contributing  to  the  formation  of  the  Gulf 
Stream,  has  already  been  described;  the  other,  known  as  the  BrasH  Current,  flows  to 
Bouih  and  west,  along  the  southeastern  coast  of  Brazil,  as  far  as  the  neighborhood 
<^  tbe  island  of  Trinidad;  here  it  divides,  one  part  continuing  down  the  coast  and 
having  some  slight  influence  as  far  as  the  latitude  of  45°  S.,  and  the  other  curving 
around  toward  east. 

533.  The  lastrmentioned  branch  of  the  Brazil  Current  is  called  the  Southern 
OonnecHnff  Current  and  flows  toward  the  African  coast  in  about  the  latitude  of  Tristan 
da  Cunba.  It  then  joins  ita  waters  with  those  of  the  general  northerly  current  that 
seta  out  of  the  Antarctic  r^on,  forming  a  current  which  flows  to  the  northward  along 
the  southwest  African  coast  and  eventually  connects  with  the  Southern  Equatoriu 
Carrent,  thus  completing  the  surface  circulation  of  the  South  Atlantic. 

634.  There  is  another  current  whose  effects  are  felt  in  the  Atlantic.  It  originates 
in  the  Pacific  and  flows  around  Cape  Horn,  and  will  be  described  in  connection  with 
the  currents  of  the  Pacific  Ocean. 

535.  CnnAENTS  of  ths  Pacdio  Ocban. — As  in  the  Atlantic,  the  waters  of  the 
Fadfic  Ocean,  in  the  region  between  the  tropics,  have  a  general  drift  toward  the 
westward,  due  to  the  effect  of  the  trade  vrinds,  the  currents  produced  in  the  two 
hemispheres  being  denominated,  respectively,  the  Northern  ana  the  Southern  Equa- 
torial OurreiUs.  These  are  separated,  as  also  in  the  case  of  the  Atlantic,  by  an  east- 
setting  stream,  about  300  miles  wide,  whose  mean  position  is  a  few  degrees  north  of 
the  equator,  and  which  receives  the  name  of  the  Muaiorvd  Counter  Current. 

636.  't\ia  major  portion  of  the  Northern  Equatorial  Current,  after  having 
IMssed  the  Marianas,  nows  toward  the  eastern  coast  of  Taiwan  in  a  WNW.  direc- 
tiiMi,  whence  it-  is  deflected  northward,  forming  a  current  which  is  sometimes 
called  the  Japan  Stream,  but  which  more  frequently  receives  its  Japanese  name  of 
Enroshiwo,  or  "black  stream."  This  current,  the  waters  of  which  are  dark  in  color 
and  contain  a  variety  of  seaweed  similar  to  "gulf  weed,"  carries  the  warm  tropical 
water  at  a  rapid  rate  to  the  northward  and  eastward  along  the  coasts  of  Asia  and  its 
tSiyws  i^anda,  prtaenting  many  analogies  to  the  Gulf  Stream  of  the  Atlantic. 

l^e  limits  and  volume  of  the  Kuroshiwo  vary  according  to  the  monsoon,  being 
augmented  during  the  season  of  southwesterly  winds  and  diminished  during  the  prev- 
alence of  those  from  northeast.  The  current  sets  to  the  north  along  the  east  coast 
of  Taiwan  (Formosa),  and  in  about  latitude  26°  N.  changes  its  course  to  northeast, 
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arriving  at  the  extreme  southweBtem  point  of  Japan  by  a  route  to  westward  of  the 
Sakishima  and  Nansei  Shoto.  A  branch  makea  off  from  the  main  stream  to  fol- 
low northward  along  the  west  coast  of  Japan,  entering  the  Sea  of  Japan  by  the  "ftu- 
shima  Kaikyo;  but  the  principal  current  bends  toward  the  east,  flows  through 
Osumi  Kaikyo  and  the  passages  between  the  Tokara  Gunto,  and  runs  parallel  to  the 

feneral  trend  of  the  south  shores  of  the  Japanese  islands  of  Kiushu,  Shikoku,  and 
[oushu,  attaining  its  greatest  velocity  between  Bungo  Suido  and  Kii  Suido,  where 
its  average  drift  is  between  2  and  3  Icnots  per  hour.  Continuing  beyond  the  south- 
eastern extremity  of  Honshu,  the  direction  of  the  stream  becomes  somewhat  more 
northerly,  and  its  width  increases,  with  consequent  loss  of  velocity.  In  the  Kuro- 
shiwo,  as  in  the  Gulf  Stream,  the  temperature  of  the  sea  water  is  an  approximate, 
though  not  an  exact,  guide  as  to  the  existence  of  the  current. 

537.  Near  146°  or  147°  E.  and  north  of  the  fortieth  parallel  the  Kuroshiwo 
divides  into  two  parts,  (hie  of  these,  called  the  E/imchaika  Current,  flows  to  the 
northeast  in  the  direction  of  the  Aleutian  Islands,  and  its  influence  is  felt  to  a  high 
latitude.  The  second  branch  continues  as  the  mam  stream^  and  maintains  a  general 
easterly  direction  to  the  180th  meridian,  where  it  is  merged  into  the  north  and  nortii- 
east  dnft  currents  which  are  generally  encountered  in  this  r^on. 

538.  A  cold  countercurrent  to  the  Kamchatka  Current  sets  out  of  Bering  Sea. 
and  flows  to  the  south  and  west  cipse  to  the  shores  of  the  Kuril  Islands,  Honshu 
and  Honshu,  sometimes,  like  the  Labrador  Current  in  the  Atlantic,  bringmg  with  it 
quantities  of  Arctic  ice.    This  is  often  called  by  itd  Japanese  name  of  Oyashiwo. 

639.  On  the  Pacific  coast  of  North  America,  from  about  50°  N.  to  the  mouth 
of  the  Gulf  of  Califorma,  23°  N.,  a  cold  current,  200  or  300  miles  wide,  flows  with  a. 
mean  speed  of  three-quarters  of  a  knot,  being  generally  stronger  near  the  land  than 
at  sea.  It  follows  the  trend  of  the  land  (nearly  SSE.)  as  far  as  Point  Concepcioa 
(south  of  Monterey),  when  it  begins  to  bend  toward  SSW.,  and  then  to  WSW.,  off 
Capes  San  Bias  and  San  Lucas,  ultimately  joining  the  great  northern  equatorial  drift. 

On  the  coast  of  Mexico,  from  Cape  Comentes  (20°  N.)  to  Cape  Blanco  (Gulf  of 
Nicoya),  there  are  alternate  currents  extending  over  a  space  of  more  than  300  miles 
in  width,  which  appear  to  be  produced  by  the  prevailing  winds.  During  the  dry 
season — January,  February,  and  March — the  currents  generally  set  *x)wMd  south- 
east; during  the  rainy  season — from  May  to  October — especially  in  July,  August, 
and  September,  the  currents  set  to  northwest,  particuJnrly  from  Cosas  Island  and 
the  Gulf  of  Nicoya  to  the  paraUel  of  15°. 

540.  The  Southern  Equatorial  Current  prevails  between  limits  of  latitude  that 
may  be  approximately  given  as  4°  N.  and  10°  S.,  in  a  broad  region  extending  from 
the  Amencan  continent  almost  to  the  one  hundred  and  eightieth  meridian,  setting 
always  to  the  west  and  with  slowly  increasing  velocity.  In  the  neighborhood  of  the 
Fiji  Islands  t^'*'  current  divides;  one  part,  known  as  the  £QMe2  CSareni,  continues 
to  the  westward,  foUowing  a  route  marked  by  the  various  passages  between  the 
islands,  and  later  acquiring  a  northerly  component  and  setting  through  Torres 
Strait  and  along  the  north  coast  of  New  Guinea;  the  other  part,  c^ed  the  Au^ralia 
Current,  sets  toward  south  and  west,  arriving  off  the  east  coast  of  Australia,  along 
which  it  flows  southward  to  about  latitude  35°  S.,  whence  it  bends  toward  southeast 
and  east  and  is  soon  after  lost  in  the  currents  due  to  the  prevailing  wind. 

641.  The  general  drift  current  that  sets  to  the  north  out  of  the  Antarctic 
regions  is  deflected  until,  upon  gaining  the  regions  to  the  southwest  of  Patagonia,  it 
has  acquired  a  nearly  easterly  set;  in  striking  the  shores  of  the  South  .^jnerican 
continent  it  is  dividea  into  two  branches. 

The  first,  known  as  the  Cape  Horn  Current,  maintains  the  general  easterly 
direction,  and  its  influence  is  felt,  where  not  modified  by  winds  and  tidal  curr«)te, 
throughout  the  vicinity  of  Cape  Horn,  and,  in  the  Atlantic  Ocean,  off  the  Falkland 
Islands  and  eastern  Patagonia. 

The  second  branch  flows  northeast  in  the  direction  of  Valdivia  and  Valparaiso, 
follows  generally  the  direction  of  the  coast  lines  of  Chile  and  Peru  (thou^  at  times 
setting  directly  toward  the  shore  in  such  manner  as  to  constitute  a  great  danger  to 
the  navigator),  and  forms  the  important  current  which  has  beeil  called  variously 
the  Peruvian,  Chilean,  or  Humboldt  Current,  the  last  name  having  been  given  for  the 
distinguished  scientist  who  first  noted  its  existence.    The  principal  characteristic  of 


Google 


OOBAN  CUBBENT8.  237 

the  Peruvian  Current  is  its  relatively  low  temperature.  The  direction  of  the  waters 
between  Pisco  and  Payta  is  between  north  and  northwest:  near  Cape  Blanco  the 
current  leaves  the  coast  of  America  and  bears  toward  the  Galapagos  Islands,  paseii^ 
them  on  both  the  northern  and  southern  sides;  here  it  sets  toward  WNW.  and  west; 
beyond  the  meridian  of  the  Galapagos  it  widens  rapidly,  and  the  current  is  lost  in 
the  equatorial  current,  near  108°  W.  As  often  happens  m  similar  cases,  the  existence 
of  a  countercurrent  has  been  proved  on  different  occasions;  this  seta  toward  the 
south,  is  very  irregular,  and  extends  only  a  little  distance  from  sliore, 

542.  CuRBENTS  or  THB  INDIAN  OcBAN. — In  this  ocean  the  currents  to  the 
north  of  the  equator  are  very  iir^ular;  the  periodical  winds,  the  alternating  breezes, 
and  the  changee  of  monsoon  produce  currents  of  a  variable  nature,  their  direction 
depending  upon  that  of  the  wind  which  protluces  them,  upon  the  form  of  neighboring 
coasts,  or,  at  times,  upon  causes  which  can  not  be  satisfactorily  explained. 

543.  There  is,  in  the  Indian  Ocean  south  of  the  equatcr,  a  regular  Equatorial 
Oarrera  which,  by  reason  of  owing  its  source  to  the  southeast  trade  winds,  corresponds 
with  tiie  Southern  Equatorial  Currents  of  the  Atlantic  and  Pacific.  The  limits  of 
this  west-moving  current  vary  with  the  longitude  as  well  as  with  the  season.  Upon 
reaching  about  the  meridian  of  Rodriguez  Island,  a  branch  makes  off  toward  the 
south  and  west,  ffowing  past  Mauritius,  then  to  the  south  of  Madagascar  (on  the 
meridian  of  which  it  is  480  miles  broad),  and  thereafter,  rapidly  diminishing  its 
breadth,  forming  part  of  the  Agulhas  Current  a  little  to  the  south  of  Port  KataT 

The  main  equatorial  current  continues  westward  until  passing  the  north  end  of 
Madagascar,  wherp,  encounterii^  the  obstruction  presented  by  the  African  con- 
tinent, it  divides,  one  branch  following  the  coast  in  a  northerly,  the  other  in  a  southerly 
direction.  The  former,  in  the  season  of  the  southwest  monsoon,  is  merged  into  the 
general  easterly  and  northeasterly  drift  that  prevails  throughout  the  ocean  from  the 
northern  limit  of  the  Equatorial  Current  on  the  south,  as  far  as  India  and  the  adjacent 
Asiatic  shores  on  the  north;  but  during  the  northeast  monsoon,  when  there  exists  in 
tiie  northern  regions  of  the  Indian  Ocean  a  westerly  drift  current  analogous  to  the 
Northern  Equatorial  Currents  produced  in  the  Atlantic  and  Pacific  by  the  northeast 
taides,  there  is  formed  an  eist-setting  Equaioriai  Countercurreni,  wnich  occupies  a 
narrow  area  near  the  equator  and  is  m^e  up  of  the  waters  accumulated  at  the 
western  continental  boundary  of  the  ocean  by  tne  drift  currents  of  both  hemispheres, 

544.  The  southern  branch  of  the  Equatorial  Current  flows  to  the  south  and  west 
down  the  Mozambique  Channel,  and,  being  joined  in  the  neighborhood  of  Port  Natal 
by  the  stream  which  orriree  from  the  open  ocean,  there  is  formed  the  warm  Agvlkaa 
GarrerU,  which  possesses  many  of  the  characteristics  of  the  Gulf  and  Japan  streams. 
lUfi  current  skirts  the  east  coast  of  South  Africa  and  attains  considerable  velocity 
over  that  part  between  Port  Natal  and  Algoa  Bay.  During  the  summer  months  its 
eSects  are  felt  farther  to  the  westward;  during  the  winter  it  dtminislies  in  force  and 
extent.  The  meeting  of  the  Agulhas  Current  with  the  cold  water  of  higher  latitudes 
is  frequently  denoted  bv  a  broEen  and  confused  sea. 

Upon  arriving  at  tne  southern  side  of  the  Agulhas  Bank  the  major  part  of  the 
cntrmt  is  defiected  to  the  south,  and  then  curves  toward  east,  flowing  back  into  the 
Indian  Ocean  with  diminished  strength  and  temperature  on  about  the  fortieth 
parallel  of  south  latitude,  where  its  influence  is  felt  as  far  as  the  eightieth  meridian. 
X  email  part  of  the  stream  which  reaches  Agulhas  Bank  continues  across  the  southern 
edge  of  that  bank  before  turning  to  the  southward  and  eastward  to  rejoin  the 
major  part. 

545.  Along  the  fortieth  parallel  of  south  latitude,  between  Africa  and  Australia, 
tliere  is  a  general  easterly  set,  due  to  the  branch  of  the  Agulhas  Current  ah^ady 
described,  to  the  continuation  of  the  drift  current  from  the  Atlantic  which  passes  to 
southward  of  the  Cape  of  Good  Hope,  and  to  the  westerly  winds  which  largely  prevail 
in  this  i^on.  At  Cape  Leeuwin,  the  southwestern  extremity  of  Austraha,  this 
east-setting  current  is  divided  into  two  branches;  one,  going  north  along  the  west 
cout  of  Australia,  blends  with  the  Equatorial  Current  nearly  in  the  latitude  of  the 
Tropic  of  Capricorn;  the  other  preserves  the  direction  of  the  original  current  and 
iias  tie  effect  of  producing  an  easterly  set  along  the  south  coast  of  Australia. 

546.  As  in  the  other  oceans,  a  general  northerly  current  is  observed  to  set  into 
die  Ind^  Ocean  from  the  Antarctic  r^ons. 
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547.  Veesels  crossing  the  Atlantic  Ocean  between  Europe  and  the  ports  of  tJia 
United  States  and  British  America  are  liable  to  encounter  icebevgs  or  extensive 
fields  of  compact  ice,  vhich  are  carried  southward  from  the  Arctic  regioa  by  the 
ocean  currente.    It  ia  in  the  yicinitj  of  the  Great  Bank  of  Newfoundland  that  these 
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i  of  ice  appear  in  the  greatest  numbers  and  drift  farthest  southward.     The 

accompanying  charts  show  the  changeable  area  in  which  icebe^  and  field  ice  have 
been  reported  by  mariners  in  the  years  1904  to  1913  in  the  months  of  April,  May, 
and  June,  when  they  occur  in  the  greatest  niunber. 


Digili; 


r>' Google 


ICE  AKD  ITS  HOTEHENT  IV  THE  NOBTH  ATLANTIC  OCEAN.  239 

.  Hie  amount  of  ice  and  its  location  and  moTement  are  so  variable  from  year  to 
year,  while  the  re^on  occupied  in  its  formation  and  transportation  is  so  vast  and 
so  little  under  special  obserration,  that  no  successful  system  of  prediction  has  as  yet 
been  instituted.  The  nic«t  that  can  be  said  now  is  that  after  an  exceptionally  open 
wmter  in  the  Arctic  we  may  expect  the  ice  to  come  south  earlier  and  in  greater  quan- 
tity. After  such  a  winter  the  East  Greenland  current  starts  th»  ice  stream  around 
Cum  Farewell  from  one  to  three  months  earlier,  and  this  advancing  of  the  season  is 
reflected  by  a  corresponding  advance  in  the  Labrador  Current  and  oh  the  Newfound- 
land Bank.  The  greatest  calving  at  the  glaciers  of  Greenland  follows  the  breaking 
np  of  the  shore  ice,  and  hence  the  bergs  also  start  southward  earlier  and  with  more 
freedom  after  an  open  winter. 

In  April,  May,  and  June,  from  1904  to  1913,  inclusiTe,  icebe^  have  been  seen 
as  far  south  as  latitude  37°  50'  north  and  as  far  east  as  longitude  3S°  west.  Excep- 
tional drifts  have  occurred  almost  down  to  latitude  30°  north,  and  between  longi- 
tudes 10"  and  76"  west,  in  these  months  as  well  as  during  other  seasons  of  the  year. 
Between  Kewfoundiand  and  the  fortieth  parallel  floating  ice  may  be  met  in  any 
month,  but  not  often  from  August  to  December.  On  the  Great  Bank  of  New- 
foundland bei^  generally  move  southward.  Those  that  drift  westward  of  Cape 
Race  usually  pass  between  Green  and  St.  Pierre  banks.  The  Yii^fin  Rocks  are 
generally  surrounded  by  ice  imtil  the  middle  of  April  or  the  beginning  of  May. 

648.  The  Obiqen  of  the  Icebergs. — Most  of  the  bei^  which  annually  appear 
in  the  North  Atlantic  orimnate  on  the  western  coast  of  Greenland;  a  few  come  from 
the  east  coast  and  from  Hudson  Bay.  A  small  but  productive  glacier  in  southern 
Gre^and  yields  the  bluish  bergs  imich  are  so  hard  to  sco  at  night.  The  lai^est 
bergs  come  from  the  glaciers  at  Umanak  Fjord  and  Disko  Bay  (Lat.  69°  to  71°),  and 
their  height  above  water  will  rise  to  500  feet;  but  as  they  lose  in  mass  from  that  time 
forward,  we  can  not  expect  to  find  them  of  such  gigantic  height  when  they  finally 
qipear  near  the  Newfoundland  Bank. 

A  huge  ice  sheet,  formed  from  compressed  snow,  covers  the  whole  of  the  interior  of 
Greenland.  The  surface  of  this  enormous  glacier,  only  occasionally  interrupted  by 
notrudii^  mountain  tops,  rises  slightly  toward  the  interior  and  forms  a  watershed 
Detween  tne  east  and  west  coasts,  which  is  estimated  to  be  from  8,000  to  10,000  feet 
above  the  sea.  The  outskirts  of  Greenland,  as  they  are  called,  consist  of  a  fringe 
of  islands,  mountains,  and  promontories  surrounding  the  vast  ice-covered  central 
{xntion  and  varying  in  width  from  a  mere  border  up  to  80  miles,  l^n  the  west 
mde,  below  the  pareulel  of  73°  of  latitude,  it  has  an  average  width  of  about  50  miles 
■nd  extends  willi  little  interruption  from  Cape  Farewell  to  Melville  Bay,  a  distance 
of  something  over  1,000  miles. 

SveiTwnere  this  mountainous  belt  is  penetrated  by  deep  fiords,  which  reach 
to  the  inland  ice,  and  are  terminated  by  the  perpendicular  fronts  of  huge  glaciers, 
idiile  in  some  places  the  ice  comes  down  in  broaa  projections  close  to  the  margin  of 
the  sea.  All  of  these  glaciers  are  making  their  way  toward  the  sea,  and,  as  their 
^ds  are  forced  out  into  the  water,  they  are  broken  off  and  set  adrift  as  bei^.  This 
procees  is  called  calving.  The  size  of  the  pieces  set  adrift  varies  greatly,  but  a  berg 
bom  60  to  100  feet  to  the  top  of  its  walls,  whose  spires  or  pinnacles  may  reach  from 
200  to  250  feet  in  height  and  whose  length  may  be  from  300  to  500  yards,  la  considered 
to  be  of  ordinary  size  in  the  Arctic.  These  measurements  apply  to  the  part  above 
inter,  which  is  about  one-eighth  or  one-ninth  of  the  whole  mass.  Many  authors 
^e  the  depth  under  water  as  being  from  e^ht  to  nine  times  the  height  above;  this 
B  incorrect,  as  measurements  above  and  below  water  should  be  referred  to  mass  and 
not  to  hei^t. 

Bergs  are  being  formed  all  the  year  round,  but  in  greater  numbers  during  the 
nmuner  season;  (wd  thousands  are  set  adrift  each  year. 

Once  adrift  in  the  Arctic  they  find  their  way  into  the  Labrador  Current  and 
begin  their  journey  to  the  southward.  It  is  not  on  unobstructed  drift,  but  one 
attended  wiui  many  stoppages  and  mishaps.  Many  ground  in  the  Arctic  Basin  and 
Iveak  up  there;  others  reach  the  shores  of  Labrador,  where  from  one  end  to  the 
other  they  continually  ground  and  float;  some  break  up  and  disappear  entirely, 
^lile  others  get  safely  past  and  reach  the  Grand  Bank.  The  whole  coast  of  Labrador 
iscot  up  by  numerous  islands,  bays,  and  headlands,  shoals  and  reefs,  which  flakes  the 
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journey  of  all  drift  a  lone  one,  and  adds  greatW'  to  the  destruction  of  the  ber^  by  sto^ 

Eages  and  by  cauaiog  mem  to  break  up.  Disintegration  is  also  hastened  by  tlieir 
reakinff  away  from  the  floe  ice,  for  detached  berga  will  melt  and  break  up  rapidly 
even  iohi^  latitudes  during  the  summer. 

5i9.  Thb  Ioe-Beabino  Cukkekts. — ^The  Labrador  Current  passes  to  the 
southward  along  the  coasts  of  Baffin  Land  and  Labrador,  and,  although  it  occasional^' 
ceases  altogether,  its  usual  rate  is  from  10  to  36  miles  per  day.  Near  the  coast  it  is 
rery  much  influenced  by  the  winds,  and  reaches  its  maximum  rate  after  those  fnnu 
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the  northward.  The  general  drift  of  the  current  is  to  the  southward,  as  shown  by 
the  passage  of  many  icebei^,  although  occasions  have  arisen  on  which  these  have 
been  obsfvved  to  travel  northward  without  any  apparent  reason.  The  breadth  and 
depth  of  the  current  are  not  known,  but  it  is  certam  that  it  pours  into  the  Atlantic 
enormous  masses  of  water  for  which  compemation  is  derived  from  the  warm  waters 
of  the  Atlantic  and  from  the  East  Greenland  Current  that  flows  around  Cape  Farewell. 
The  flow  of  the  Polar  Current  down  the  east  coast  of  Greenland  has  been  abundantly 
demonstrated  by  the  drift  of  vessels  that  have  been  beset  in  the  ice  pack  to  the  east-' 
ward  of  Greenland.    This  current  turns  around  Cape  Farewell,  with  an  ice  stream 
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60  inQeB  wide.  &nd  then  takes  a  northwesterly  direction  along  the  Greenland  coast 
w  far  as  the  Arctic  CSrcle,  where  it  meets  the  southerly  current  from  Baffin  Bay. 

650.  Dkift  and  Chakaotebistigs  of  loEBERoa. — Not  all  the  bei^  made  in 
any  one  season  find  their  way  south  during  the  following  one,  for  only  a  small  per- 
cmtage  of  them  ever  reach  trans-Atlantic  routes.  So  many  delays  attend  tneir 
journey  and  so  irregular  and  erratic  is  it  that  many  bergs  seen  in  any  one  season 
may  have  been  made  several  seasons  before.  If  bergs  on  their  calving  at  once  drifted 
to  the  southward  and  met  with  no  obstmctionH  their  journey  of  about  1,200  to  1,500 
miles  would  occupy  from  4  to  5  months,  reckoning  the  drift  of  the  Labrador  Current  - 
at  10  miles  a  day,  which  may  be  making  it  too  little.  Then,  if  bet^  were  liberated 
prmcipally  in  July  and  August  they  should  reach  trans-Atlantic  routes  in  December 
and  January,  while  we  know  this  to  be  the  rare  exception.  It  is  then  seen  what  an 
important  bearing  the  shores  of  Labrador  have  in  arresting  their  flow,  when  it  is 
known  that  beigs  are  generally  most  plentiful  in  the  late  spring  and  early  summer 
months  oS  the  Bank. 

It  should  not  be  supposed  that  all  bei^  follow  the  same  course  when  set  adrift 
from  their  parent  glaciers,  for,  like  floating  bodies  at  the  head  of  a  river,  some  will 
go  direct  to  the  mouth,  otheis  will  go  but  a  short  distance  and  lodge,  others  still  will 
accomplish  half  the  journey  and  remain  until  another  freshet  again  floats  them,  so 
^t  m  the  end  the  dibris  will  be  composed  inpart  of  that  of  several  years'  production. 

Beres,  when  first  Uberated  on  the  west  Greenland  shore,  are  out  of  the  strongest 
sveep  of  the  southerly  current,  and  they  may  take  some  months  to  find  their  way 
out  of  Davis  Strait,  while  again  otheis  mav  at  once  drift  into  the  current  and  move 
onobfitructed  until  dissipated  in  the  Guli  Stream.  The  difTerence  in  time  of  two 
bergs  reaching  a  low  latitude,  which  were  set  adrift  the  same  day,  may  cover  a  period 
of  one  or  two  years. 

Field  ice  also  offers  an  obstruction  to  bergs,  and  a  close  season  in  the  ArdHc 
may  prevent  their  liberation  to  a  great  extent,  though,  from  their  deep  submersion, 
they  act  as  ice  plows  and  aid  materially  in  breaking  up  the  vast  fields  of  ice  which 
so  often  close  the  Arctic  Basin. 

Ice  fields  are  more  affected  by  wind  than  bergs.  Bergs  owe  their  drift  almost 
entirely  to  current,  so  that  they  will  often  be  noticed  forcing  their  way  through 
immense  fields  of  heavy  ice  and  goii^  directly  to  windward.  Advantage  is  taken  of 
thiB  by  vessels  in  ice  fields,  which  often  moor  to  bei^  and  are  towed  for  miles  through 
ice  in  which  they  could  not  otherwise  make  any  headway.  This  is  accomplished  by 
Poking  an  ice  anchor  into  them  and  using  a  strong  towliue,  and  as  the, berg  advances 
open  water  is  left  to  leeward  while  the  loose  ice  Boats  past  on  both  sides.  For  the 
Bune  reason  vessels,  when  beeet  by  field  ice,  run  from  tne  lee  of  one  berg  to  that  of 
another,  as  leads  may  offer  themselves. 

Instances  are  not  rare  where  icebergs  were  seen  to  drift  toward  north,  making 
15  to  24  uules  a  day,  near  the  tail  of  the  pank  and  to  the  eastward  of  Cape  Race. 

All  ice  is  brittle,  especially  that  in  berss,  and  it  is  wonderful  how  little  it  takes 
to  accomplish  their  destruction.  A  blow  of  an  ax  will  at  times  split  them,  and  the 
report  of  a  gun,  by  concussion,  will  accomplish  the  same  end.  They  are  more  apt 
to  bre^  up  in  warm  weather  than  cold,  and  whalers  and  sealers  note  this  before 
landing  on  them,  when  an  anchor  is  to  be  planted  or  freeh  water  to  be  obtained.  On 
the  coast  of  Labrador  in  July  and  August,  when  it  is  j>acked  with  ber§^,  the  noise  of 
rapture  is  often  deafening,  and  those  experienced  in  ice  give  them  a  wide  berth. 

When  they  are  frozen  the  temperature  is  very  low,  so  that  when  tiieir  surface 
■  exposed  to  a  thawing  temperature  the  tension  of  the  exterior  and  interior  is  very 
dififerent,  making  them  not  unlike  a  Prince  Rupert's  drop.  Then,  too,  during  the 
day  water  made  by  melting  finds  its  way  into  the  crevices,  freezes,  and  hence  expands, 
and,  acting  like  a  wedge,  forces  the  berg  into  fragments.  It  is  the  greatly  increased 
rarface  which  the  fr^ments  expose  to  Uie  melting  action  of  the  oceanic  waters  that 
accounts  for  the  rapid  disappearance  of  the  ice  after  it  has  reached  the  northern 
edge  of  the  warm  circulatory  drift  currents  of  the  North  Atlantic  Oceaii.  If  these 
procegsee  of  disintegration  did  not  go  on  and  large  bei^  should  remain  intact,  several 
yeais  might  elapse  before  they  would  melt,  ana  they  would  ever  be  present  in  the 
bueoceanic  routes.  In  fact,  instances  are  on  record  m  which  masses  of  ice,  escaping 
the  ittfiuences  of  swift  destruction  or  possessing  a  capabihty  for  resisting  them,  nave, 
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by  ^heaomenal  drifte,  passed  into  European  waters  and  been  encountered  from  time 
to  time  throughout  that  portion  of  the  ocean  which  stretchee  from  the  British  Islea 
to  the  Azores. 

Icebergs  assume  the  greatest  variety  of  sbapee,  from  those  approximating  to 
some  regular  geometric  figure  to  others  crowned  with  spires,  domes,  minarets,  and 
peaks,  vhHo  otheis  still  are  pierced  by  deep  indentations  or  cavee.  Small  cataracts 
lajl  from  the  large  bei^,  while  from  many  icicles  hang  in  clusters  from  every  pro- 
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jecting  ledge.    They  frequently  have  outlying  spurs  under  water,  which  are  as 
dangerous  as  any  other  sunken  reefs.    For  this  reason  it  is  advisable  for  vessels  to 

five  tiicm  a  wide  berth,  for  there  are  cases  on  record  where  vessels  were  seriously 
amaged  by  striking  when  apparently  clear  of  the  betg.  Among  these  is  that  of  the 
British  steamship  Neasmore,  which  ran  into  a  beig  in  latitude  41°  50'  N.,  longitude 
62°  W.,  and  stove  in  her  bows.  On  docking  her  a  long  score  was  found  extending 
from  abreast  her  forerigging  all  of  the  way  aft,  just  above  her  keel.    Four  frames  were 
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Iffokeu  and  the  plates  were  almost  cut  through.  The  ship  evidently  struck  a  pro- 
jecting spur  after  her  helm  had  been  put  over,  as  there  was  clear  water  between  her 
and  the  oerg  after  the  fitst  collision. 

It  is  generally  best  to  go  to  windward  of  an  iceberg,  because  the  disintegrated 
fngments  will  have  a  tendency  to^drift  to  leeward  while  open  water  will  be  found  to 
vindward.  Serious  injury  has  occurred  to  vessels  througn  the  breaking  up  or  cap- 
sizing of  icebergs.  Often  the  bergs  are  so  nicely  balanced  that  the  slightest  melting 
of  their  surfaces  causes  a  shifting  of  the  center  of  gravity  and  a  consequent  turning 
over  of  the  mass  into  a  new  position,  and  this  overturning  also  frequently  takes 
plKB  when  bergs,  drifting  with  the  current  in  a  state  of  dehcate  equilibrium,  touch 
the  ocean  bottom. 

6fil.  Field  Ice. — Field  ice  is  formed  throughout  the  region  from  the  Arctic 
Ocean  to  the  shores  of  N^ewfoundland  and  yearly  leaves  the  shore  to  find  its  way 
mto  the  path  of  commerce.  Starting  with  the  Arctic  field  ice  and  coming  to  the 
southward,  we  find  thb  ice  growing  l&hter,  both  in  thickness  and  in  quantity,  until 
it  disappears  entirely.  Ice  made  m  me  Arctic  is  heavier  and  has  lived  through  a 
number  of  seasons.  After  the  short  summer  in  high  latitudes  ice  begins  to  form  on 
all  open  water,  increasing  several  feet  in  thickness  each  season.  Much  of  this  remuns 
nortn  during  the  followmg  summer,  and,  though  it  melts  to  some  extent,  it  never 
entiiely  disappears,  so  that  each  succeediii^  winter  adds  to  its  thickness. 

This  contmues  from  year  to  year  until  it  reaches  12  or  15  feet  in  thickness,  often 
more.  If  it  remained  perfectly  quiet  it  would  be  of  uniform  thickness,  increasing 
with  the  latitude,  but  it  is  in  a  state  of  almost  continual  motion,  often  a  very  violent 
one,  which  causes  it  to  raft  and  pile  until  it  becomes  full  of  hummocks  and  other 
irregularities.  Immense  fields  are  detached  from  the  shore  and  from  other  fields, 
antTmider  the  influence  of  winds,  currents,  and  tides  are  set  in  motion  and  kept 
continually  drifting  from  place  to  place;  after  a  snow,  thaw,  or  piling  the  whole 
becomes  cemented  together  into  sohd  pieces,  when  under  the  influence  of  a  low 
temperature.  The  space  of  open  water  between  the  fields  becomes  frozen,  joining 
smuler  fields^  and  making  a  soUd  pack  which  wiU  remain  so  until  the  elements  again 
break  it  to-pieces.  Along  the  shores  from  headland  to  headland  the  bays  and  inlets 
crften  remam  sohd  for  years,  ahnost  invariably  through  the  Arctic  wmter,  but  in 
Baffin  Bay  and  Davis  Strait  open  water  can  be  round  at  intervals  all  the  year  round. 

Ice  becomes  raited  in  a  variety  of  ways.  If  two  fields  are  adrift  the  one  to 
windward  will  drift  down  on  the  one  to  leeward;  the  one  which  is  rougher  on  its 
surface  gives  the  wind  a  better  hold  and  drifts  the  faster;  !&elds  may  be  impelled 
towards  each  other  by  winds  from  contrary  directions.  Ice  that  is  secure  to  the 
Bbore  is  i^ted  on  its  seaward  edge  from  contact  with  that  which  is  adrift.  Fields 
in  diiftin^  often  have  a  turning  motion,  which  is  caused  by  contrary  currents,  or  one 
variable  in  strength  at  different  places,  or  by  the  friction  of  a  field  coming  in  contact 
with  another  field  afloat  or  one  attached  to  the  shore.  This  rotary  motion  is  especially 
dangerous  when  a  vessel  finds  itself  between  two  fields.  A  heavy  gale  will  break  up 
the  strongest  fields  at  times  and  cause  them  to  raft  and  form  hummocks. 

&na]I  frtv^ents  of  bergs  find  themselves  mingled  with  Arctic  fields  and  become 
frozen  fast.  These,  when  liberated  to  the  southward,  are  called  growlers,  and  form 
low,  dark,  indigo  colored  masses,  which  are  just  awash  and  rounded  on  top  hke  a 
idiale's  back.  They  are  very  dangerous  when  in  ice  fields  which  have  become  loose 
enough  to  permit  the  passage  of  vessels  through  them,  and  should  always  be  looked 
for;  they  can  be  seen  apparently  rising  and  sinking  as  the  sea  breaks  over  them. 

Daring  the  spring  and  summer  months  the  bergs,  aided  by  a  rise  of  temperature, 
80  cut  up  and  weaken  the  ice  fields  that  much  ice  is  loosened  and  begins  drifting  out 
<rf  the  Arctic  basin.  This  is  joined  by  that  brought  from  the  waters  of  Spitzbergen  by 
the  East  Greenland  Current,  near  the  sixty-third  parallel,  whence  it  flows  down  the 
efStem  coast  of  North  America,  reaching  Cape  Chidley  about  October  or  November. 
B;  this  time  the  remaining  ice  in  the  Arctic  is  being  cemented  into  solid  fields,  while 
&e  ice  cap  is  being  daily  extended  to  the  southward.  As  fast  as  fields  are  detached 
die  open  water  freezes,  and  these  masses  are  forced  to  the  southward  and  can  not 
rejoin  the  solid  pack.  With  a  westerly  wind  ice  formed  in  Hudson  Strait  and  adjacent 
waters  b  swept  out  and  joins  the  Arctic  ice,  differing  from  it  only  in  being  a  httle 
tighter. 
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Ice  b^ins  to  fonn  at  Cape  Chidley  about  the  middle  of  Octpober,  at  Belle  Isle 
about  November  1,  and  by  the  middle  of  November  or  1st  of  December,  the  whole 
coast  is  aolidly  frozen.  The  datea  given  are  approximate  and  vary  from  year  to 
year^with  many  marked  exceptiona. 

The  string  of  ice  along  the  coast  of  Labrador  extends  from  headland  to  head- 
land, including  the  outlying  islands,  and  starting  froni  the  heads  of  the  bays  works 
its  way  out  to  seaward,  forming  by  the  middle  of  December  an  impassable  barrier 
to  the  shore  which  wiil  probably  not  be  permanently  broken  tintil  the  latter  part  of 
April.  This  ice  varies  in  thickness  from  12  feet  at  the  northern  extreme  to  3  or  4 
feet  at  the  southern.  During  the  entire  winter  the  Arctic  drift  is  finding  its  wa^' 
down  the  coast,  and  is  beii^  continually  reinforced  by  fields  broken  from  theXabrador 
ice.  These  continue  to  the  southward  in  the  Latirador  Current  on  an  average  of 
about  10  miles  a  day,  reaching  Belle  Isle  between  the  middle  of  January  and  the 
middle  of  February, 

The  best  example  on  record  of  a  continued  drift  from  the  Arctic  is  that  of  Cap- 
tain Tvson.  On  October  14,  1871,  he  and  a  party  of  nineteen  others  were  separated 
from  tne  United  States  survejdng  ship  Polaris,  in  latitude  77°  or  78°  N.,  just  south  of 
Littleton  Island,  and,  being  unable  to  regain  the  ship,  remiuned  on  the  floe  and 
accomplished  one  of  the  most  wonderful  journeys.  After  a  drift  of  over  1,500  miles, 
fraught  with  danger  from  beginning  to  end,  they  were  picked  up  about  six  months 
later,  April  30,  1872,  by  the  Tigreas,  a  sealing  steamer  from  Newfoundland,  near  the 
Strait  of  Belleisle^  in  latitude  53°  35'  N.,  and  carried  safely  into  port. 

Much  delay  m  the  southward  movement  of  the  drift  will  be  caused  by  winds 
from  the  southward  of  west,  as  field  ice  is  afi'ected  more  by  wind  than  current. 
The  prevailing  wind  and  weather  will  influence  the  drift  very  greatly.  Strong 
northerly  or  northwest  winds  will  increase  its  speed,  but  contrary  wmds  will  hold  it 
back.  The  string  of  shore  ice  keeps  the  northern  ice  off  the  coast  and  in  the  current. 
At  times  westerly  winds  i^ill  also  send  the  Labrador  ice  off  the  coast  and  leave  it 
entirely  clear,  but  this  does  not  happen  often.  Still  the  outer  Labrador  ice  is  con- 
stantly being  added  to  the  Arctic  now.  Frequently  the  bajs  remain  frozen  over 
until  June;  again,  they  are  cleared  some  years  in  April,  making  a  l&tge  variation. 
During  the  drift  the  wind  from  northwest  to  southwest  will  clear  the  ice  off  the 
coast  and  leave  a  line  of  open  water,  but  the  ice  will  be  set  on  the  coast  by  a  northeast 
wind  and  be  rafted  and  piled.  The  appearance  of  the  ice  when  it  reaches  Belle  Islo 
and  to  the  southward  would  be  a  fair  mdication  of  the  weather  it  had  encountered 
on  its  way  down.  The  rougher  the  ice  the  more  severe  the  weather.  This  floating 
ice  string  extends  approximately  200  miles  offshore  in  the  latitude  of  Cape  Harrison, 
and  spreads  more  during  its  drift,  though  narrower  farther  north.  One  small  stream 
finds  its  way  through  the  Strait  of  Belleisle,  while  the  greater  part  continues  toward 
the  northern  limit  of  the  Gulf  Stream.  By  the  middle  of  January  the  shores  of 
Newfoundland  and  Qulf  of  St.  Lawrence  are  full  of  ice,  which  has  been  frozen  there 
and  are  opened  or  closed  by  a  favorable  or  adverse  wind.  Navigation  in  the  Biver 
St.  Lawrence  is  closed  about  the  middle  of  November  and  does  not  open  until  about 
May.  A  wind  from  northwest  to  southwest  will  clear  the  eastern  coast  of  Newfound- 
land, while  the  Gulf  of  St.  Lawrence  may  remain  full  of  ice  until  the  1st  of  May. 
Even  after  this  date  much  ice  is  found  in  the  Gulf  until  July,  and  by  August  or  earlier 
the  field  ice  is  replaced  in  the  Strait  of  Belleisle  by  bergs. 

In  the  bight  from  Cape  Bauld  to  Fogo  Island  a  string  of  ice  is  often  found  joining 
thesepoints,  nemming  in  the  shore  for  weeks  at  a  time. 

With  each  northwest  or  westeriy  wind  the  ice  is  cleared  off  the  Newfoundland 
coast,  except  from  some  of  the  deeper  bays,  and  carried  out  to  sea,  and  frequently 
before  the  Arctic  and  Labrador  ice  has  passed  Belle  Isle  the  Newfoundlimd  ice  has 
found  its  war  as  far  south  as  latitude  45  .  In  the  same  way  the  Labrador  ice  some- 
times preceaes  the  Arctic  ico,  wliile  all  may  arrive  at  nearly  the  same  time.  Ice 
fields  otten  lose  their  identity,  as  coming  from  any  one  particular  place,  by  the  constant 
intermingling  on  its  southern  journey  with  ice  made  in  a  lower  latitude. 

With  easterly  winds  the  field  ice  and  icebergs  may  block  the  harbors  on  the 
east  coast  of  Newfoundland  until  June  or  even  July,  but  these  harbors  are  usually 
open  in  May. 
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Ice  leaving  tbe  gulf  and  river  St.  Lawrence  flows  southward  through  Cabot  Strut. 
TIliB  strait  is  never  i^ozen  over  completely,  but  vessels  not  specially  built  to  encounter 
iee  can  no  t  navigate  it  safely  between  the  beginning  of  January  and  the  last  of  April  on 
■ccoimt  of  the  heavy  drift  ice  which  blocks  the  passage.  Nearly  every  spring,  from 
ibout  the  middle  of  April  to  the  middle  of  May,  a  great  rush  of  ice  out  of  the  Gulf 
of  St.  Lawrence  causes  a  block  between  St.  Paul  Island  and  Cape  Ray.  This  block, 
i^ch  sometimes  laste  for  three  or  four  weeks,  and  completely  prevents  the  passage 
of  ships,  is  known  as  the  bridge.  It  is  recorded  that  300  vessels  have  at  one  time  been 
detained  by  this  obstacle. 

The  ice  usually  passes  out  of  Cabot  Strait  in  Uie  direction  of  Banquereau  Bank, 
with  its  eastern  edge  extendii^  halfway  between  Scatari  and  St.  I^erre  Islands. 
Its  path  broadens  alter  it  is  through  the  strait  and  is  principally  governed  by  the 
wioas,  but,  under  the  influence  of  the  current  alone,  it  drifts  soutnwestward,  and  in 
latitude  45°  may  be  from  10  to  75  miles  in  width.  Much  of  this  ice  is  very  heavy 
and  prevents  the  passage  through  it  of  all  vessels  that  are  not  specially  built  to  eucoun- 
tcice. 

Ice  fields  assume  a  variety  of  shapes,  depending  upon  the  influence  of  winds 
and  currents,  and  upon  their  shape  on  being  set  adrift.  Those  loosened  in  the 
Arctic  meet  with  so  many  vicissitudes  that  they  have  entirely  lost  their  original 
form  when  a  low  latitude  is  reached^  while  those  from  Newfoundland  ma^  remain 
approximately  intact.  Their  extent  la  governed  by  the  same  rules  and  varies  from 
a  tew  Bcatteredpiecea  to  several  hundred  mite^  in  length. 

From  off  Belle  Isle  the  field  ice  finds  its  way  south  toward  the  Gulf  Stream, 
where  no  definite  shape  can  be  given  it.  In  appearance,  if  heavy  ice,  it  will  be  white, 
covered  with  snow,  and  visible  at  a  long  distance;  even  in  toggy  weather  it  can  often 
be  seen  for  some  distance.  It  la  full  of  hummocks  and  its  surface  is  very  uneven; 
blocks  have  been  piled  upon  each  other,  others  stood  on  end,  and  the  whole  mass  will 
fonu  an  impenetrable  field,  through  which  vessels  can  not  force  their  way. 

If  the  ice  is  lighter  the  pans  will  be  smoother  and  more  even,  the  luiglee  ground 
down  by  friction  and  tumea  up  at  the  edges  like  so  many  lai^e  pond  lilies,  fi  com- 
pact, no  water  ia  seen;  jf  loose,  wide  loads  may  extend  through  the  whole,  or  a  httle 
water  be  seen  surroundmg  each  cake. 

The  appearance  must  decide  whether  a  vessel  is  warranted  in  trying  to  force 
her  way  through.  In  a  smooth  sea,  where  doubt  exists,  should  a  vessel  go  dead  slow 
into  the  mass,  there  will  be  but  little  danger  in  attempting  it,  and  if  t«o  heavy  she 
««n  haul  out.  Often  the  weather  edge  is  the  heaviest  from  being  rafted,  when  to 
leeward  it  may  be  scattering.  An  ice  field  will  often  form  a  good  lee  for  riding  out  a 
gile  of  wind,  as  it  will  break  the  force  of  the  sea.  But  care  is  necessary  not  to  lie 
too  close,  for  the  pans  are  often  given  such  a  force  that  they  will  stave  m  the  bows 
of  tbe  strongest  vessel. 

A  high  temperature  will  soften  field  ice  and  make  it  very  rotten,  so  that  the 
sli^test  motion  will  cause  it  to  fall  to  pieces.  On  reaching  the  waters  of  the  Gulf 
Stream  or  a  warmer  atmospheric  temperature  it  begins  to  melt,  gets  soft  and  spongy, 
aod  left  in  a  calm  will  disappear  slowly.  But,  fortunately,  there  is  seldom  a  time 
iriien  there  is  not  a  swell  on  the  sea,  and  this  soon  breaks  the  pans  into  small  pieces, 
thus  bringing  a  greater  surface  in  contact  with  the  melting  agency.  A  heavy  gale 
will  in  a  few  hours  sometimes  cause  the  destruction  of  a  large  field  by  fracture,  fnction, 
and  continued  motion,  just  as  a  calm  cold  night  may  unite  it  in  a  solid  mass.    Bei]gs 

tw  their  way  through  fields,  break  them  up,  and  scatter  the  pieces,  as  in  the  Arctic. 
)w  preserves  them  and  often  gives  the  pans  the  appearance  of  standing  well  out 
of  water,  and  is  misleading  in  this  particiUBr.  By  melting  and  afterwartu  freezing 
it  adds  to  the  thickness  of  the  ice. 

S52.  The  Disappearance  of  the  Ice. — ^The  adrancing  icc'will  have  reached, 
in  the  month  of  April,  the  northern  average  limit  of  the  Gulf  Stream;  and,  having 
ffpread  itself  along  this  fine  both  east  and  west  of  the  fiftieth  meridian,  it  enters  the 
Snal  stage  of  disintegration  and  rapid  disappearance. 

After  reaching  mia  limit  of  southward  movement,  many  bergs,  on  account  of 
their  deep  immersion,  find  their  way  to  the  westward,  even  within  the  current  of  the 
Gulf  Stream,  while  field  ice  never  Allows  this  course,  a  condition  that  is  accounted 
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for  by  the  fact  that  the  Labrador  current  here  runs  under  the  Oulf  Stream,  iHiich 
spreads  itself  out  on  the  surface  aa  an  eastward-moving  current,  oonsistiiig  of  fltreaka 
of  warm  water  with  colder  water  between. 

The  locality  in  which  ice  of  all  kinds  is  most  apt  to  be  found  during  the  months 
of  April,  May,  and  June  lies  between  latitude  42°  and  45°  and  longitude  47"  and  S2** 
west  of  Greenwich.  Here  the  Gulf  Stream  and  the  Labrador  Current  meet,  and  the 
movement  of  the  ice  is  influenced  sometimes  by  the  one  and  sometimes  by  the  other 
of  these  currents. 
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Besides  the  three  charts  of  monthly  limits  for  April,  May,  and  June,  a  foorth 
diart  is  presented  showing  the  general  limits  within  which  icebergs  and  field  ioe  have 
been  encotmtered  during  the  same  months. 

553.  Signs  of  the  Pboxoott  of  Icb. — The  proximity  of  ice  is  indicated  by 
the  foliowing-deecribed  signs: 

Before  field  ice  is  seen  from  deck  the  ice  blink  will  often  indicate  its  presence. 
On  a  dear  day  over  an  ice  field  on  the  horizon  the  sky  will  be  much  palw  or  %hter 
in  color  and  is  easily  distinguished  from  that  overhead,  so  that  a  sharp lookoat  anould 
be  kept  aod  changes  in  the  color  of  the  sky  noted. 
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On  a  clear  day  icebergs  can  be  Been  at  a  long  distance,  owing  to  tbeir  bri^tnees; 
daring  foggy  weather  they  are  first  seen  through  ihe  fog  as  a  black  object.  In  thidc 
fog  the  first  sight  of  a  berg  is  apt  to  be  a  narrow  streak  of  darlE  at  tiie  water  line. 

Hiey  can  sometimes  oe  detected  hj  the  echo  from  the  steam  whistle  or  the 
foK  horn.  In  that  case,  by  noting  the  tmie  between  the  blast  of  a  whistle  and  the 
rejected  sound,  the  distance  of  Uie  bei^  in  feet  may  be  approximately  found  by 
moltiplying  by  550.  The  absence  of  echo  is  by  no  means  proof  that  no  bergs  are 
near,  lor  unless  there  is  a  fairly  vertical  wall,  no  return  of  the  sound  waves  can  be 
expected. 

The  presence  of  icebergs  is  often  made  known  by  the  noise  of  their  breaking  up 
and  falUng  to  pieces.  The  a-acking  of  the  ice  or  the  falling  of  pieces  into  the  sea 
makes  a  noise  like  breakers  or  a  distant  discharge  of  guns,  wmdi  may  often  be  heard 
a  short  distance. 

The  absence  of  swell  or  wave  motion  in  a  fresh  breeze  is  a  sign  that  there  is  land 
or  ice  on  the  weather  side. 

The  ^pearance  of  herds  of  seal  or  Socks  of  murre  far  from  land  is  an  indication 
of  theproxmiil^  of  ice. 

The  temperature  of  the  air  falls  as  ice  is  approached,  especially  on  tiie  leeward 
aide,  but  mnerally  only  at  an  inconsiderable  distance  from  it.  The  fall  of  the  tem- 
perature ra  the  sea  water  has  been  held  to  indicate  the  nearness  of  ice,  but  in  regions 
where  there  is  an  intermixture  of  cold  and  warm  currents  going  on,  as  at  the  junctioD 
of  the  Labrador  Current  and  the  Gulf  Stream,  the  temperature  of  the  sea  has  been 
known  to  rise  as  the  ice  is  approached.  The  special  temperature  studies  made  during 
die  ice  patrol  of  1912  have  not  settled  the  question  whether  iceberg  influence  the 
temperature  of  sea  water  to  a  measurable  extent  at  distances  of  a  mile  or  so. 

A  reliable  sign  of  icebeigs  being  near  is  the  presence  of  calf  ice.  When  such 
pieces  occur  in  a  curved  line,  as  they  may  do,  especially  in  calm  weather,  the  parent 
bog  is  on  the  concave  mde  of  the  curve. 

Ho  ship  obtain  can  afford  to  trust  any  of  the  above-named  signs  to  the  exclusion 
of  a  good  lookout. 

CuBBBNT  Information  Rboasdino  Ice  Ck>in>iTiONB.— The  branch  hydrographio 
offices  receive  duly  the  latest  information  r^arding  ice  and  other  obstructiona  to 
navigation,  being  nimished  wi^  the  reports  of  passing  vessels  and  the  ice^atrol 
ships,  as  long  as  each  are  in  service.  The^  also  diBtribute  tlie  publications  of  the 
Hydit^raphic  Office  dealing  with  this  topic,  namely,  the  Hydrographic  Bulletin 
(weekly)  and  the  Pilot  Chart  (monthly),  aa  well  as  the  pamphlet  on  North  AtlaotJe 
Ice  Patrols  (Repaint  No.  24). 
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EZTBAOTS  FBOM  THE  AHEBIOAH  NAUTIOAL  ALKAITAO,  FOB  TEE 
TEAS  1916,  WmOH  HA  YE  EEFEKEHOE  TO  THE  EXAMPLES  FOE 
THAT  TEAE  (HVEH  IH  THIS  WOEK. 
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Rndthecorrection  to  be  Applied  to  the  right  ascenaion  and  declination  of  Jupiteron  April  15, 1916,  at 
11' 5S>  30- a.  m.  local  mean  time,  in  Long.  81°  15' W. 
(Problem  pue  107.) 

O.M.T.-I5''5''20»5. 
SiSoence  of  R.  A.  in  24^—54.  Difference  for  Dec.  in  24''=>56. 
KthdiSoencesof  54larR.  A.  aiidS5forDec.aaargumentaat  topofpageand  theCLH.T.aBaigiunent 

at  light-band  ride  of  page. 


Corr.E.A.,for60;  5^12-- 

Corr.  for  64=  +0'.8 

Corr.tor6'20»5=    +0'.3 
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Corr.  Dec.,  for  50;  5^  12»= 

Corr.  for  66=  +0'.l 

Corr.  tor  5"  20- .5=      O'.O 


I'.i 


Tetal    .               ■+1M        IM 
i.  A.  (cotrection) +12".l 


Total                     4-0',l      +0'.l 
Dec.  (correction) +1,'2 
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APPENDIX  11. 

A  OOLLEOTIOH  OF  FOBMS  FOE  WOBUHa  DEAD  BEOEONIHO  AID  YABI- 
OUS  ASTBOHOMiaAL  SIQETS,  WITH  NOTES  ESFIAnHHQ  THEIS 
APPIIOATION  DHDEB  ALL  0IBODMSTAN0E8. 


(The  flKoree  in  parentbeeia  refer  to  tb«  Note*  foflowicg  then  forma.) 
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KOTis  Kuuniia  to  tbb  rouis. 

tedUbnosaefkioettii'ltfarMiAeDunB;  Itwillnl&eitonulnoaioonTankiotx 
nnrd  tiw  pnltkiD  M  uy  partknlu  tbn*. 

'  n  Iv  B.  D.  dMnU  be  Diffttn,  inrtnd  ot  psatUra. 
>dforlUiiitntlMittoOD^watUi«lDra«;l'>ME>tm,ltilu<ildli*tiiohid«d  irlth  tta*  ibAmm 


S.  Tb  obtain  y,  nbtnot  Dae  from  to*  II  cl  nna  unu  ■■  LM.i  add  to  W*  It  of  oppotM  u 
■k  BiV  of  Eq.  t.  tbM  of  tppUoMlMl  to  MM  tlnw. 
T.  U  a.  A.  T.  k  htv  ttau  L.  A.  T.,  Laof.  I* ' 


U.  no  Q.  M.  T.  mart  rapcMent  tho  jcopw  unmbw  ot  boui»  freni  noon,  llw  biglnping  of  tht  Mtropomleal  a»j:  to  obtain  tUt 
a  nar  ba  naoaaarr  to  kdd  11^  to  ibo  Chro.  t. 

11.  H.  A.  Iram  Oraaowidi  ii  tho  diflaistoa  balwata  a.  8.  T.  and  R.  A.,aDd  aboDld  ba  mirkBd  W.  II  tlu  farmK  Ii  cnatar: 


ntlon  tor  tlu  paiallai  of  a  pinwt,  but  In  moat  caala  thli  It  amaD,  and  m 
iBid,takBbi]r.pat.IromNaul.  Aim,  andraduca  toohart  altltnila  by  Tabla  IT.    Tboaamldlamst<rofaplaiiatmarbadl«aprdad 
ki  MTtut  work  U  tiw  Hii'fl' of  tHa  body  la  tmight  to  tba  bartaa  lln*. 

U.  Itnppcrllmbtf  oboared,  UMOHTaotkiufcrB.  D.  and  AnC- alMild  tw  nacattr*,  Inataad  of  poaftlra. 

IS.  R.A.  andDao.antobaplckadaatof  Naut.  Aim.  Icr  martatbour  of  Q.  M.  T.,Mid  tc  ba  eorraetad  let  tba  nnmbar  of  minntaa 

saN.orS.aeoDrdlnsaiaiakltlilaiMiitbaraoiitliotUiabodyobatmd;  ia»rk  D««. aecordtaic to tti nanw, 


M  vorkid  Dp  bifn  lifht  la  takv,  Mid  itna  latltada  dtnctty  on  oon^latko  of  marldiaB 
.    ij»if<»iiii»  and  altltoda  at  tramtl  moat  ba  known  In  adTuot  wltb  ■oflleiait  amtraoy  (cc  eunantlat  tatma. 

19.  11m  dataOa  dI  obtabklns  Dae.  at  tmsK  Hid  conwtlon  tor  altttoda  ara  itaown  b  ttaa  iniridlaii  altttoda  fcnH  fac  «aah  of  tha 
ncfaabodlH. 

X.  Inana.m.al^BibtnotL.  A.  T.bomUktoobtamlilnap.  m.il(litL.A.T.liaqaaI(o(. 

IL  It  Low.  la  aiaMly  known,  a  iao«id  loOfltDda  ncad  not  ba  amployad. 

It.  Uark^  N.  or  e.  BGDordlnc  to  nama  ot  Dae.,  and  )ubtnot  It  Inm  im*  wbiD  body  la  naanr  to  lowar  tbui  to  uppv  ttaoalt; 
aark^K.orB.aocardlnctannKhlaiHrthcTaoatbottliabcdy;  tbm  oombtoa  be  Lot.  baTbv  rafird  to  tba  namM 

IS.  Tika  •  from  TaUa  3S  and  act  tram  Tabia  3T. 

H.  Add  lor  nppv,  iobtnot  for  Iowk  tnntlK. 

19.  SobtiBBt  lonclbida  frook  Qnaowkti  hoar  ancla  to  obtain  local  boor  aocla;  tfast  b,  (danca  nama  of  lovfttada  ml  oooUna 
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APPENDIX  III. 

EXPLANATION  OF  OEBTAIN  BULE8  AND  FBINOIFLES  OF  HATHEUATIOS 
OF  U8£  IN  THE  SOLUTION  OF  FB0BLEM8  IN  NAVIOATIOK. 


DBOQCAJ.  FBAOnONS. 

JKidiofu,  or  VuIgaT  Atutioiu,  are  ezpresionB  for  any  BSOKpable  part  of  a  anit ;  they  an  osnallj 
denoted  b;  two  nombeis,  placed  one  above  the  other,  with  a  line  between  them ;  thus  i  denotea  the 
fraction  one-fonrth,  or  one  part  oat  of  four  of  some  whole  qoantit]',  conmdered  as  divisible  into  ftntr 
equal  parts.  The  lower  number,  4,  is  called  the  denominaior  of  the  fraction,  showing  into  how  many 
parte  the  whole  is  divided ;  and  the  npper  namberj  1,  ie  called  the  nunuraftn-,  and  ahows  how  muiy  of 
thoee  eqnal  parte  are  contiuned  in  the  traction.  It  la  evident  thatif  thenomeratorand  denominator  be 
varied  in  the  same  ratio  tlie  value  of  the  fraction  will  remain  nnaltoed  ;  thna,  if  both  the  numerator 
and  denominator  of  the  fraction  i  be  multiplied  bj  2,  3,  i,  etc,  the  fracaona  aiinng  will  be  ),  V^,  A, 
etc,  all  of  which  are  evidentlir  equal  to  i. 

A  Decimai  Fraction  is  a  fraction  wboae  denominator  is  alwaje  a  unit  with  aome  nnmber  of  dphera 
annexed  and  the  nomerator  any  namber  whatever ;  as  -ft,  jhi  -riivf  «to.  And  as  the  denominator  of 
a  decimal  is  always  one  of  the  nnmbera  10, 100, 1000,  etc.,  the  neceasit;  for  writing  the  denominator, 
may  be  avoided  DT  employing  a  point;  thus, '^  ia  written  .3,  and -j^  is  written  .14 ;  the  »Ux«d  number 
3^,  coosistinf;  of  a  whole  number  and  a  fractional  one,  ia  written  3.14. 

In  Betting  down  a  decimal  fraction  the  numerator  most  consist  of  as  many  places  as  there  are 
ciphen  in  the  denominator ;  and  if  it  baa  not  eo  many  figures  the  defect  mnat  be  anppUed  br  placing 
ciphers  ttefore  it ;  thus,  VA^-I^  tUv='Q1^>  t^Afi^-WiS,  etc  And  as  dphers  <»i  the  right-hand  aide 
of  integen  increase  their  value  in  a  tenfold  proportion,  as  2,  20,  200,  etc,  so  when  set  on  the  left  hand. 


The  oommon  arithmetical  opeiationa  are  performed  the  same  way  in  dedmala  as  tbev  an  in  inte- 
gera,  regard  bong  had  only  to  ttte  particnlar  notation  to  dlstlngtilsh  the  integral  from  the  fractional 
part  of  a  Bum. 

Additioii  ov  DaotHAU.— Additiim  of  dedmals  Is  performed  exactly  like  that  of  whole  nombers, 
pladng  the  nnmbera  of  the  Muae  denomioatiaD  nnder  each  other,  in  which  case  the  separUing  dedmal 
pointa  will  range  straight  in  one  colnmn. 

EXAMFLIH. 
MOM.  rcM.  InobM. 

Add:        26.7  L26  272.8267 

32.16  2.31  .0134 

148.306  1.786  1.1676 

.OOS  2.0  $1.4 

Sam:      202.069  7.366  806.8977 

StnnuanoH  or  Dkuals.— Sabtraction  of  dedmals  la  perfomed  In  the  «une  mannw  as  in  irbdla 
nnmbers,  observing  to  set  the  flgores  of  the  same  denomination  and  the  separating  pointa  directly 
■ndereachotlier. 


ElAMPLM. 

From: 
Itte: 

31.267 
2.63 

36.76 
.028 

HiTLnpLiOATioii  or  Daciiuu. — Multiply  the  nnmbera  together  as  if  they  were  whole  nnmbeo^ 
and  point  off  aemany  dedmals  from  the  right  hand  aa  there  are  dedmals  in  both  Iactonto«rtber;and 
whenit  happens  that  there  are  not  so  many  flgores  in  tlie  prodnct  as  there  mnrt  be  dedmala,  then 
prefix  such  number  of  dphera  to  the  left  hand  sa  will  aupply  the  defect. 

ExAHPu  I.  ExAunx  n. 


Multiply  3. 26  by  4. 6 
3.S6 


Answer :      14. 626 


Inimeot  the  factoralaonededmal,  and  In  the 
other  two ;  their  amn,  8,  ia  the  nnmber  of  dedmals 
of  the  product 


Hnitiply.17by.0e 


In  each  of  the  facton  are  two  dedmala;  the  pro- 
duct ought  therefore  to  contain  4;  and,  there  bdng 
only  three  fignrea  in  the  piadncl^  a  di^Mr  most  be 
prized.  ,--.  , 
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BULBS  AND  FBINCIFLBS  OF   MATHEMATICS. 


EZAHFU  IV. 
Holtiplr  .18  hf  24 


EzAitFu  ni. 

Hnltiplr  0.S  by  0.7 


DivisioK  or  DaciHAU.— DlvUon  of  dednuJs  ia  performed  in  the  sune  nuumer  u  in  whole  nnm- 
boH.  The  number  of  dedmala  in  the  qootient  must  be  aqnftl  to  the  excess  of  the  number  of  decimals 
ofthe  dividfind  above  those  of  tbediviBor;  vhefi  the  divisor  oontaina  mora  dedmals  than  the  dividend, 
eiphen  most  be  affixed  to  the  r^t  hand  td  the  lattw  to  make  the  nnmber  eqoal  or  exceed  that  of  the 

£XAKPLa  RT 


Divide  14.S2S  by  8.26 


In  tb)»  example  there  are  two  decimals  in  the 
dhiaor  and  three  in  the  dividend;  henoe,  them  ia 
one  decimal  in  the  quotient. 


Divide  3.1  by  .0002 
Fisvioaa  to  the  divioion  affix  three  dphera  to 
le  liftht  band  of  3.1,  to  make  the  nnmber  of  ded- 
•Is  in  (he  dividend  equal  the  nnmber  in  the 


Divide  17.2SS  by  l.M 


oat  as  many  decimal  pui 


HrLTmjcA.'TiOH  or  DBOUcau  bt  OomsAcnoif . — The  operation  of  moltipUcation  o(  decimal  ft 
maj  be  very  much  abbreviated  when  it  ia  not  required  to  retain  toy  figures  beyond  a  oertain  order  oi 


-r,^—i  by  this  method,  omit  v 

dedmal  places  below  the  required  order,  bat  mental  n __  . —     

diacardea  flgore  by  the  maltiplyuig  figure,  and  the  proper  number  of  tens  shonld  De  carried  over  to 
banre  accnracy  in  the  loweet  aecinml  place  sought. 

ExAHPLi:  Required  the  reduction  for  the  son's  declination  for  7''.i3,  the  hourly  difffirenon  being 
58^.18,  where  the  product  is  required  to  the  second  decimal. 


By  OTdinary  tnethod. 
68*.1S 


By  ooniractitm. 
7^.43 


407.26  » 

432,  *27 

In  the  contracted  method,  for  the  mulUpUer  .03  It  is  not  necessary  to  record  the  product  of  any 
area  in  the  multiplicand  below  nikita;  for  the  multiplier  .4,  none  below  tenths;  bat  in  each  case 
serve  the  product  of  the  left-band  one  of  the  rejected  ngures  and  carry  fwward  the  nomber  of  tens. 
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BULBS   AND   PBINOIPLBS   OF   UATHB1CATIC8. 

BiDuonoM  or  Dkuau. — To  redaoe  a  Tnlgar  biction  to  a  dedtnol,  addutjr  number  of  d|diento 
the  nnmeistoF  and  divide  it  by  the  dmioiniiutor;  the  qootient  wiU  b»  the  decimal  fraction.  The  decimal 
poiatmoetbeBoplaced  that  there  may  be  aa  many  Qeotm  to  the  right  tiand  of  it  aa  than  were  addled 
dpfaen  tothe  namerator.  If  there  are  not  ao  many  flgnrea  in  the  qnotlMit  place  cJphera  to  the  1^  band 
to  make  np  the  nomber. 


EZXHFIM  I. 

Bednoe  t^  to  a  dedmaL 
60)1.00 

.OSAnnrar. 

EZAHFLI  II- 

Itedac«  I  to  a  dedmaL 
8)3.000 


EzAMnjtlV. 

Bednee  IS  minntea  to  the  dedmal  of  an  boar. 
Since  aO"  - 1^  thia  fiacUOo  ie  H- 
60)15.00 


ExAjfFLaT. 
ttednce  17"  22*  to  the  dedmal  of  an  hoar. 


EXAHFLI  III. 

Bedooe  3  inchee  to  the  dedmal  of  a  foot. 

Since  12  inchee— 1  foot  this  fraction  ia  -fj. 

12)3.00 


Any  dedmal  may  be  rednoed  to  lower  danominatioiia  of  the  aame  quantity  by  multiplying  it  by  the 


32".640  36'.400 


Aniwer:  7*  6^  82"  8»>.4. 


Qeomelry  Is  the  adenoe  wbidi  treats  of  the  deecriptioi),  propertiea,  and  relations  <d  masnitudee,  of 
which  there  are  three  kinda;  Tia,  a  lint,  which  has  only  length  without  dther  breadth  or  mickoMs;  a 
tarfaee,  comprehended  by  length  and  breadth;  and  a  mIwI,  which  has  length,  breadth,  and  tbickneaa. 

ApoM,  considered  mathematically,  has  ndthw  length,  breadth,  nor  tbickneaa;  it  denotes  poaitioB 
dm  ply. 

A  Knt  has  length  without  breadth  or  thickness. 
A  tia^aet  has  length  and  breadth  without  thicknen. 
A  tolid  has  length,  breadth,  and  thicknega. 

A  Uraight  or  righi  lint  is  the  shortest  distance  between  two  points  on  a  plane  surface. 
A  plane  lurface  Is  one  in  which,  any  two  points  bdng  taken,  the  straight  line  between  them  Ua0 
wholly  within  that  surface. 

IvraiUt  Una  are  such  as  are  in  the  same  plane  and  if  extended  indefinitely  never  meet. 

A  drelt  is  a  plane  figtue  bounded  by  a  curved  line  of  which  every  point  is 
equally  distant  from  a  point  within  calfed  the  center.  The  bounding  curve  of 
the  drde  is  called  the  ctrcunffbrenec 

The  radtu*  of  a  drde,  ot  temidiamaer,  is  a  right  line  drawn  from  the 

center  to  the  circumference,  aa  AC  (fig.  S2);  its  length  is  that  distance  which 

I    is  taken  betweui  the  points  of  the  compasses  to  deecHbe  the  drde. 

j*        A  diameltr  of  a  cirde  is  a  right  line  drawn  through  tho  center  and  t«mii- 

L  nated  at  both  ends  by  the  drcumference,  aa  ACB,  its  length  bdng  twice  that 

of  the  radius.    A  diameter  dividee  the  drde  and  its  dicnmterenoe  into  two 

equal  parts. 

An  ore  of  a  cirde  ia  any  ptntion  of  the  drcomference,  as  DFE. 
The  chord  of  an  arc  ia  a  steaight  line  joiniug  the  ends  ol  the  arc.    It  divides 
the  drde  into  two  unequal  parts,  called  $etmenU,  and  is  a  chord  to  tbtan  both; 
thus,  DE  1b  the  chord  of  the  area  DFE  and  DGE. 
half  drde,  is  a  figure  contained  between  a  diameter  and  the  arc  terminated  by  that 
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An;  part  of  a  circle  cdataiiied  between  two  ndii  and  tatmia  odled  «  melor,  m  OOH. 

A  guadnatt  is  half  ft  aemicircle,  or  one-fourth  part  of  a  whole  drcle,  as  CAG. 

All  circles  are  ■appoead  to  hare  their  drcamkrancai  dividod  into  860  equal  parta,  called  degreea: 
ndt  degiee  is  divided  into  60  equal  ports,  called  minates;  and  each  minute  into  60  equal  parts,  called 
neondi;  an  arc  is  measoied  bv  ue  number  of  degrees,  minutes,  and  seconds  that  it  conti^ns. 

A  ipAcre  is  a  solid  bonnded  br  a  snrfaoe  of  wluch  ever7  point  ia  eqnall]' distant  from  a  point  within, 

..hieh,  as  in  the  drcle,iflCaUed  the  center,    SobstiWtinBturfr--'— ' ^u.  j-^-t^ ..... 

radtiM  and  dtomder,  as  alma  for  the  circle,  appljr  for  the  spot 

An  oiijrfg  is  the  incfiastion  of  two  intersecting  lines,  and 
npled  between  the  two  lines  that  form  the  angle,  toe  center  oL , 

A  r^ftfanfpk  is  Mie  that  is  measured  bra  quadrant,  or  90<*.  An  acute  onjrMia  one  which  ie  leas  than 
■  right  angte.    An  oUuk  an^b  is  one  vbica  is  greater  than  a  ri^t  angle. 

Kvtant  triangle  is  a  flguie  contained  by  three etrateht lines  in  the  same  plane. 

When  the  three  ridea  are  equal,  the  trian^  la  calud  equ^ateral;  wlien  two  of  them  are  equal,  it  is 
aDed  itotoda.  When  one  of  the  angles  Is  00^.  the  triangle  Is  sftid  to  be  rigtU-trngUd.  When  each  angle 
ia  has  than  90",  it  is  sud  to  be  aeute-anffied.  When  one  is  greater  than  90  ,  it  la  said  to  be  oblute-attgkd. 
Itiuglee  that  are  not  right-angled  are  generallf  called  oiSgw-anffied. 

A  quadrilaienl  figure  is  one  bounded  by  tour  sides.  If  the  opposite  sides  are  parallel,  it  is  called  a 
MnUwraram.  A  parallelogram  having  all  its  sides  eqoal  and  its  angles  right  angles  is  called  a  tquart. 
When  the  angles  are  right  angles  and  only  the  opposite  sides  equal,  it  is  cdled  a  realangle. 

Id  a  rigbt-aogled  tnaogle  the  ride  opposite  the  right  angle  u  called  the  kypotemite,  one  of  the  other 
rides  is  called  theioM^  and  the  third  side  is  called  the  pmxndicutin*.  In  any  oblione-angled  triangle, 
oHvde  having  been  assumed  as  a  bsse,  the  distance  from  the  intersection  of  theother  twoddes  to  the 
ime  or  the  bsse  extended,  mesnired  at  right  aoglea  to  the  tatter,  is  the  perpendicular.  In  a  pantllelo* 
gnn,  one  of  the  sides  having  been  saaumed  sa  tne  base,  the  distance  £rom  its  opposite  side,  messnred 
tt  right  angles  to  its  direction,  ia  the  perpendicular.  The  term  aitiludt  is  aometimee  anbstltoted  for 
pajSMKcutor  in  tills  sense. 

Bvery  Bsctiwi  of  a  qphere  made  by  a  plane  is  a  circle.  A  ffreol  circle  of  a  sphere  is  a  section  of  the 
mface  msde  by  a  plane  which  passes  through  its  ceoter.  A  tmail  airtU  is  a  section'  by  a  plsae  which 
isteneClB  the  sphere  without  passing  through  the  center. 

A  gnat  dicle  mav  be  drawn  through  any  two  points  on  the  sorface  of  a  sphere,  and  the  arc  of  that 
drcle  lying  between  those  points  Is  shorter  than  any  otfapr  distance  between  tnem  that  can  be  measured 
(fan  the  surfsce.    All  great  drcles  of  a  sphere  have  eqnal  radii,  and  all  bisect  each  otho-. 

tht  exttemities  of  that  diameter  of  the  sphere  which  is  perpeodlcnlar  to  the  plane  of  a  circle  are 
aBed  the  poU*  of  that  drcle.  In  the  case  of^a  small  circle  tne  poles  are  named  tne  a^aeent  pole  and 
themnotejwte.  All  drdes  of  a  qihere  that  are  parallel  have  the  same  poles.  All  points  in  the  drcnm- 
fcnooe  of  ■  drcle  are  eqaidistaot  from  the  poles.  In  the  case  of  a  great  drde,  the  polea  are  90°  distant 
ham  every  point  of  the  drd& 

Aauming  sny  great  drde  as  a  primary,  all  great  drdes  which  paaa  through  its  polea  are  called  ita 
MBDndariM.    All  secondaries  cut  the  primary  at  right  onslee. 

DaDTTL  FoBHULx  DiRiVKD  rROM  GaoMSTRT. — In  uese  formula  the  following  abbreviatlona  arc 
adopted; 

b,  beee  ot  triangle  <»  parsllelognun.  r,  radins  of  sphere  or  drcle. 

h,  perpendicuhu'  of  tnsngle  or  parallelogram.  a,  dianteter  of  sphere  or  drde. 

I,  height  of  cylinder  or  cooe.  A,  m«]or  axis  of  ellipse. 

«,  ratio  of  diuneter  to  drcumference  o,  minor  axis  of  ellipse. 

(—3.141598).  f,rideofacube. 

Ana  of  parallelogram  —  6  X  A. 

ATM  of  trian^le^  ibxh. 

Areaof  any  nght-lined  figure  •■  sum  of  the  aress  of  the  triangles  into  which  it  is  divided. 
*   ly  triangle  —  180°. 
"  2«r,  or  «A 

Area  of  cirde  ■«  «**,  or  -^-. 

Angle  subtended  by  arc  equal  to  radius  —  57°. 20678. 


Volume  ot  sphere 
Bmface  of  sphere 

-wd»,  or4W. 

AreaofelUpse 
Volcme  of  cube 
Tohune  of  cylinder 

~    i  ■ 

-  Area  of  base  X  1- 

Toliune  of  pyramid  or  ( 

»ne  —  Area  of  base  X  q. 
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fvMtion*  of  th«  anrie  iuswd  br  ut  two  Udm 

itatw^nUier'-'"  *'  -  -■-^'-=— •- ' •  ■-- 

IK  fall  a  perpendictilar  from 
other  line;  no  nutter  what  point  ii  ctuMen  for  the  p 
nor  which  line,  the  nUioe^  wul  therefore  the  ——^ 
wiU  be  the  aune  lor  an y  ~ —  — '" 

LetABO{flg.  83)  bL  _, 

right  MiKle;  A  ud  B,  the  other  >iulee;.«,  the  hypotenoae;  a  ind 

....__,. ^tethe»n»leeA«ndB,ie^    ■*— ■       '- "   ' 

the  anrie  A,  its  < 
perpendieiilM-,  end  lleedieeent  rid 
u  the  perpendicnlar  and  a  dte  b 


a  ri(^t  tiiaiMje  in  whidi  0  ia  tite 

■  aoilee;.  c,  the  h] 

odB,  leqteciiTely     „ 

L,  ita  QMioate  dde,  a,ia  regarded  aa  the 
9nt  aide,  6,  aa  the  baae;  for  tue  ench  B,  t 
dte  baae.    Thai  the  Tsriooa  nttoa  ate 


btheaideeo^odtetheengleaAandB,  leqteciiTely.    InctnndtiiDg 

the fnnctionB of  the  anrie  A,  ita  OMioate  dde,  o,ia  n '-'  —"" 

endllaadiaeenti"   ^       -    - 


£,  or  qnwndiffl!.^    jg  called  the  tine  of  the  angle  A,  abbrerlated  ain  A; 
c  bypoteanse  " 

— ,   or  r : ,  ia  «aUed  the  amnt  at  tbe  angle  A,  abbreviated  coa  A: 

c  bypotennae  " 

o^  ^^  pqrp^^lar^  ^^  ^^^  ^^  ^^^^^^^  ^^  ^^^  ^^^^  ^  abbreviated  tan  A; 

—I  or  ^T    I — ■  ia  called  the  oobmgait  of  the  angle  A,  abbreviated  oot  A; 

a         perpendicular 

T'  •*'    "jTrt" — >  ia  called  the  teant  of  tbe  angle  A,  abbrevtated  aec  A; 

«    or  _^?E?*f"^_,  ia  called  the  eotKont  of  the  angle  A,  abbreviated  coaeo  A; 
a         perpendicular 

1— codne  A,  ia  oJled  the  «ened  fim  ot  A,  abbreviated  vera  A. 

1— Bine  A,  ia  called  the  eo-vened  tine  ot  A,  abbreviated  covera  A. 

)  (1— ooeine  A)  is  called  the  haversine  of  A,  abbreviated  hav  A. 

The  fcdlowing  relattona  may  be  Been  to  exist  between  the  various  foncttena: 

U^ioe  the  coeecant  ia  the  redprooal  ot  the  sine,  the  secant  is  the  reciprocal  of  the  oonne,  tlie  cotan 
nt  is  the  reciprocal  ol  the  tangent,  and  the  tangent  eqoals  the  sine  divided  by  tbe  coeine. 

The  oompUment  ol  an  angle  is  eqnal  to  90°  minus  that  angle,  and  thus  in  the  trianj^  ABO  the 
^e  B  is  the  complement  of  A.    The  tuppUment  is  eqnal  to  180°  minos  the  angle. 

From  the  triangle  ABC,  regarding  the  angle  B,  we  have: 

b 
sin  B  ■■  —  —  coo  Aj 

Ian  B  - 1  -  oot  A; 

sec  B  =  -4  — coseo  A, 
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Bent,  tnd  the  eecant  <d  m  angle  is  tbe  oooecant  of 
ibcomplemsnt 

The  tnnctioiu  of  Hoglea  vary  in  sign  ftccording 
toUwqmiraikt  Id  which  the  anKlea  are  located. 

Let  AA' and  BB^  {6g.  84)  bettro  )iiWBatrie|ht 
ui^  intersecting  at  the  pmnt  O,  and  let  that  point 
bt  tbe  centtf  about  which  a  ladinB  revolves  from 
n  initial  position  OB,  BucccMlTety  poaing  the  points 
A,  If,  A":  In  GondderiDs  the  angle  made  bv  this 
wiiaa  at  any  position,  P',  P",  P"',  P"",  with  the 
Ese  OB,  its  position  of  origin,  tbe  fnnctioas  will  -a/ 
itapeod  npon  tbe  ratios  exisUng  between  the  aides 
of  a  ridit  triaiigle  whose  base,  b,  will  always  lie 
vitbioBB',  flndwboeepapendicalar, a,  will slwaya 
ba  parallel  to  AA',  wbile  iu  bypotannse.fi  (of  acon- 
rtnit  loDgth  equal  to  that  of  toe  radius),  will  de> 
Mid  apon  the  poation  occupied  by  the  ladioo. 
Saw,  if  OB  and  uA  be  regarded  as  the  poeitivedirec- 
liotis  of  the  base  and  perpendicular,  respectavelj, 
tnd  OB'  and  OA'  as  their  neptive  directions,  the 
agnd  the  hypotennee  bwig  always  pMdtive,  tbe 


For  example,  the  sine  of  the  angle  P"OB  Is  -,  and  rince  a  is  poaitive  the  qnantity  has  a  pontive 
nhxi  its  cosine  is  ~,  and  aa  6  is  measured  in  a  negative  direction  frcHn  O  the  oosine  mnst  therefore  be 


In  the  eecond  quadrant,  betweoi  00°  and  lfO°',  tin  A.  (— ^)  ia  positive;  ooa  A  (— -)  has  a  nega- 
tirc  valae  becaose  b  is  negative;  tan  A  I  ■>!  I  Is  also  negative  because  of  b.  The  coeecant,  secant,  and 
(olingent  have,  as  in  all  cases,  tbe  same  signs  aa  the  sine,  coaine,  and  tangent,  respectively,  being  tbe 
nd^Kals  of  those  qnantitiee. 

In  the  third  qoadrant,  between  180*  and  270",  tin  A  (—f)  and  cos  A  f -- j  are  both  ae^On, 
beouBe  both  a  and  6  have  negative  value*;  tan  A  (  — r  t  is  poritive  for  the  aame  reason. 

In  the  lotuth  quadrant,  between  270°  and  360°,  nn  A  f  — -  )  ia  negative,  cos  A  (—-)  ia  poaHiTe, 

ndlan  A  (~^)  is  also  negative. 

Prom  a  consideration  of  the  signs  in  the  manner  that  baa  been  indicated,  tbe  following  relatiooa 
•01  appear: 

sin  A  -  dn  (iaO°  -  A)  -  ~  sin  (180"  + A)  »  -  sin  (3«0*- A) --ala  (-A). 
cos  A  -  -  COB  (180"  -  A)  -  -  cos  (180°  +  A)  -  cos  (360'  -  A)  -  oos  (-  A), 
tan  A  — -  tan  (180°  -  A)  -  tan  (180°  +  A) -  — tan  (300°  -  A)  - —tan  (—A), 
■n  A  -COS  (00°  -  A)  -  -  COB  (90°  +  A)  -  -  coa  (270°  -  A)  -  ooe  (270°  +  A). 

Any  similar  relation  may  be  deduced  from  the  figure. 

It  is  of  great  importance  to  have  carefnl  regard  (or  tbe  signs  of  the  functions  in  all  trigonometrical 

nbtioiui. 

IXKIARITHIES. 

In  order  to  abbreviate  tbe  tedious  operations  of  multiplication  and  divimon  with  large  nnmbeta,  a 
KriM  of  nnmbera,  called  LosarilhmM,  was  invented  by  Lord  Najiier,  by  means  of  which  the  operation  of 
fuDltiplicaUon  may  be  performed  bv  addition,  and  that  of  division  by  snbtractioD.  Nombers  may  be 
i^toWedtoanypowerbyaimple  multiplication  and  the  root  of  any  power  extracted  by  simple  dlvirioo. 

Id  Table  42  are  given  the  logarithms  of  all  nnmbera,  from  1  to  9999;  to  each  one  must  be  prefixed 
SI  index,  with  a  period  or  dot  to  separate  It  from  the  other  part,  aa  in  dedmal  fractions;  the  ItMnrithms 
?ftfaenDmbenfrom  1  to  100  are  ^ven  in  that  table  with  their  indicee;  but  from  100  to  9999  ^e  Index 
Mleftouttorthe  sake  of  brevity;  it  maybesnpplied,  however,  by  the  general  mle  that  the  index  of  ~ 
Kfsrithm  of  any  integer  or  mixed  number  is  always  one  leea  than  the  number  of  integral  places  in 
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100  is  1;  from  100  to  1000  it  iB  2 ;  from  1000  to  10000  it  u  3,  etc;  the  method  of  finding tb«  logarithiM 
from  thJa  talile  will  be  evident  from  the  ra\ea  that  follow: 

To  find  the  Imariihm  of  ana  number  leu  than  100,  enter  the  first  page  of  the  table,  vcA  oppoate  the 
gjven  naniber  will  be  found  the  logtrithm  with  its  index  prefixed.  lliua,  opposite  71  ia  1.851^  which 
u  its  It^ri'.hm. 

TofindtkeUyfianthm  of  any  number  bebeeen  100  and  1000,  tni  the  givtm  number  in  the  left-hand  col- 
omn  o(  the  tabln  of  Ic^caritbiDe,  and  inunediatelf  under  0  in  the  next  oolomn  is  a  nombw,  to  whi<^  miut 
beinefixedthennmber2ssanindex  {becaoKethenambercoiuiateof  three  places  of  figores),  and  the 
required  logarithm  will  be  found.  Thus,  if  the  logarithm  of  149  was  required,  thle  onmb^r  being  found 
intheleft  hand  column,  agaioat  it,  in  the  colnmn  marked  Oat  the  top  ^or  bottom)  is  found  17S19,  pie- 
fixins  to  which  the  index  2,  we  have  the  logarithm  of  149  —  2.17319. 

Tb^mf  (^M  Jo^anCAm  o/ any  nujn6«r  6di()Mn  JOOO  and /0(j0<7,  find  the  three  left-hand  fignrea  of  the  pven 
number  in  the  left-hand  column  of  the  table  o(  logaritfama,  opposite  to  which,  in  the  column  that  i« 
marked  at  the  top  (or  bottom)  with  the  fourth  fiigure,  la  to  be  lonnd  the  required  logarithm,  to  which 
must  be  prefixed  the  index  S,  becauae  the  nomber  contains  4  idaces  of  flgnrw.  Thna,  it  the  loorithm 
of  1495  was  required,  oppodie  to  149,  and  in  the  column  marked  6  at  the  top  (or  bottom)  is  17464,  to 
which  prefix  the  index  3,  and  we  have  the  logarithm,  S.I 7404. 

3b  jtnd  lA«  Ib^anlAm  o/ any  number  uiove  J0MW,  find  the  fint  three  figures  of  the  gireo  nnrobw  in  the 
teft-band  column  of  the  table,  and  the  fourth  figureatthe  top  or  bottom,  and  take  out  the  oorrGaponding 
logarithm  as  in  the  preceding  mle;  take  also  the  difference  between  this  logarithm  aod  the  next  greater, 
■ndmoltipl^it  by  the  remaining  figureor  figuresof  the  number  whose  lomrithm  isaought,  pointiiigoff 
as  many  dedmal  pUcee  in  the  product  aa  there  are  figures  ia  the  mnltipuer.  To  bdlitate  the  calcula- 
tion of  the  proportional  parts  several  amall  tables  are  placed  in  the  mar^,  which  give  the  con«:tion 
corremmnding  to  the  difference,  and  to  the  fifth  figure  of  the  proposed  numt>ei.  Thus,  if  the  logarithm 
of  14907  was  required,  oijpoaita  to  149,  and  under  6,  is  174S4;  the  ditlOTence  between  this  ud  the  next 
greater  number,  17493,  ia  29;  this  multiplied  bv  7  (the  last  figure  of  the  giT«n  number)  nvea  203; 
pointiDg  off  the  right-hand  figure  give«  20.3  (or  80}  to  be  added  to  17464,  which  makes  17484:  to  this, 
prefixing  the  index  4,  we  have  the  logarithm  souglit,  4.17434.  Thia  corractim,  20,  may  also  fw  fowut 
by  inapectian  in  the  small  table  In  the  margin,  marked  at  the  top  29;  opposite  to  the  j^flgura  of  the 
number,  7,  in  the  left-hand  column,  ia  the  oorrespondinjr  correction,  20,  in  the  rightrhaJid  column. 

Asain,  if  the  looarithm  of  1495738  was  required,  the  logarithm  comeponding  to  149  at  the  left,  and 
S  at  ^e  top,  is,  aslnthe  last  example,  17464;  the  difference  between  this  and  the  next  greater  uS9; 
multiplying  this  bv  738  (thegivpunumberexcluding  the  first  fourfignreti)  gives  21402;  croenngoS  the 
three  right-hand  figures  of  this  product  (becau^e  the  number  738  oonsistsorthree  figures),  we  have  the 
correction  21  to  beadded  to  17464;  and  the  index  to  be  prefixed  is  6,  because  the  given  number  coonsls 
of  7  places  of  figures;  therefore  the  required  lonrithm  isS.I74S5,  This  correction,  21,  may  be  found  ti 
above,  by  means  of  the  marginal  table  marked  at  the  top  SO,  taking  at  the  side  7.38  [or  li  nearly),  to 
which  corresponds  21,  as  before. 

TaJbtdlMlogantkmo/ any  mixed  decimal  number,  find  the  logarithm  of  Hm  number,  aa  if  itime 
an  integer,  by  the  pfeceding  rulea,  to  which  prefix  the  index  of  the  intwral  part  of  the  given  munber. 
Thus,  if  the  logarithm  of  the  mixed  decimal  149  6T33  was  required,  find  the  logarithm  of  1496738,  with- 
out noljdng  the  decimal  point;  thisiinthelastexample,  was  found  to  be  17466;  to  this  pcefix  the  index 
2,  corresponding  to  the  integial  part  149;  the  logarithm  scught  will  therefore  be  2. 17465. 

To  find  Iht  lofiarUhm  1^  ang  decimal  Jraelion  lem  than  vnity,  it  most  be  observed  that  Uie  Index  of  the 
logarithm  of  any  number  lees  than  nnity  is  negative;  but,  to  avoid  tbe  mixture  ot  positive  and  negalive 

auantitiea,  it  is  common  to  borrow  10  in  the  index,  which,  in  must  cases,  may  afterwards  be  neglected 
1  aomming  them  with  other  indices;  thna,  instead  of  writins  the  index  —  1 ,  it  ia  written  -f  9;  Gut«ad 
of  —  2  we  majr  writa  -|-  8;  and  so  on.  In  this  way  we  may  find  the  logarithm  of  any  decimal  fraction 
by  the  following  rule:  Find  the  logarithm  of  a  fraction  as  if  it  wire  a  whole  number:  see  bow  many 
ciphers  precede  the  first  figure  ot  the  decimal  fraction,  Fublract  that  number  from  9,  and  the  remainder 
will  be  the  index  of  the  given  fraction.  Thus  the  Iwarithm  of  O.0S91  is  8.G921S  —  10;  the  looaritbm  of 
0.26  is  0.39794  —  10;  the  logarithm  of  0.0000O26  ia  4.39794  -  10,  etc  In  most  cases  the  writing  of  -- 10 
after  the  logarithm  may  be  dispensed  with,  as  it  will  be  quite  apparent  whether  the  logarithm  has  a 
positive  or  a  negative  index. 

ToJhdilunvniberooTTttpondmgUt  anf/ loparithm,  seek  in  the  column  marked  0  at  top  and  bottom 
the  next  emallest  logaritfam,_  neglecting  the  index;  write  down  the  number  In  the  side  column  abreast 
which  this  is  found,  and  this  will  give  the  flret  three  flgurea  of  the  required  number;  follow  tbe  line 
until  the  logarithm  next  smaller  than  the  given  one  ia  found,  and  the  fourth  figure  of  the  required 
number  wiir  be  at  the  top  and  bottom  of  the  column  in  which  this  stands;  take  the  difference  between 
this  next  smaller  l(igarithm  and  the  next  larger  one  in  the  table,  and  also  the  diKerenoe  between  the 
next  smaller  logarithm  and  the  given  one;  entering  the  small  marginal  table  which  has  forits  heading 
tbe  first-named  difference,  and  finding  in  tiie  right-hand  C'  lumn  ot  that  table  the  laxt-named  difference 
there  will  wpear  abreast  the  Utter,  in  tbe  left-hand  column,  the  flftb  figure  o(  the  required  ntunber. 
Where  it  is  desired  to  determine  figures  beyond  the  fifth  for  the  corresponding  number,  the  difference 
between  the  next  lower  logarithm  and  the  given  one  may  be  divided  by  the  difference  between  tbe 
next  lower  and  next  higher  ooes.  and  the  ouotisnt  (diBregarding  the  decimal  point,  but  retaioluK  any 
dphers  that  may  come  ot^tween  tne  decimal  point  and  the  signincaot  figures)  will  be  the  fifth  and  suc- 
ceeding figures  of  the  number  sought  Having  found  the  figures  of  the  coneeponding  number,  point 
off  from  ue  left  a  numberof  figures  which  shiul  be  one  greater  than  the  index  number,  and  there  place 
a  decimal  point.  In  this  operation  of  placing  the  dedmal  point,  proper  accoimt  must  be  taken  tJ  the 
nei^ve  value  of  any  index. 

Thus,  if  the  number  corresponding  to  the  logarithm  1.52834  were  required,  find  52634  in  thecolnoiD 
marked  0  at  the  top  or  bottom,  and  opposite  to  it  ia  336;  now,  the  index  being  1,  tbe  required  number 
must  oonrist  of  two  integral  places;  therefore  It  is  83.6. 

If  tbe  number  correspondiDg  to  the  It^aritbm  2.67S4S  were  required,  look  in  the  column  Oand  find 
tn  It,  a^^nst  the  number  374,  the  logarithm  57287,  and,  guiding  the  eye  along  that  line,  find  the  givoi 
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lonrithm,  57346,  in  the  colama  marked  6:  theretore  the  mixed  number  MOght  u  374^  and  rince  th« 
iiidexia2,  the  mtegral  part  moat  conmst  of  8  places;  theref(>TethenumberaoD|rhtU374.6.  Iftheindez 
be  1  the  onmber  Will  be  87.45,  and  if  the  index  be  0  the  number  wiU  be  3^46.  If  tlie  Index  be  8, 
coneBponding  to  a  namber  leea  than  nnity,  the  narober  will  be  0.03746. 

Again,  ii  the  nambOT  correepoading  to  the  logarithm  8.57811  were  required,  find,  ag^nst  S78  and 
ander  5,  the  logarithm  67807,  the  difference  between  tbii  and  the  next  srMter  logarithm,  67818,  befog 
11,  and  the  diflerence  between  67807  and  the  given  logarithm,  67811,  being  4;  in  the  marginal  table 
beaded  II,  find  in  the  right-hand  colnnrn  the  namber  4,  and  abruat  the  tatter  appears  the  Agnre  4, 
which  ia  the  fiftli  flgnre  of  the  required  nomtier;  hence  the  flgnna  are  37864;  pointing  off  from  the 
Ut  3  4  I  —  4  plaeee,  the  nmnber  ia  8786.4. 


If  the  given  looarithm  were  6.67811,  dnce  the  Index  6  requires  that  there  shall  be  six  places  in  the 
'^ole  namber,  it  u  deeiimUe  to  seek  accnracj to tLe  sixth  figure.  The  locarithmic  partbeingtha 
le  as  in  the  example  imnwdiatei^  preceding,  it  Is  found  aa  before  that  the  nret  four  figures  are  3786 


the  difference  between  the  next  lower  and  next  greater  logarlttune  is  11,  and  between  the  next  lower 
logarithm  and  the  ^ven  one  is  4;  divide  4  by  11  and  the  quotient  is  .36;  drop  the  dedmal  point,  annex 
mdjxnnt  oB,  and  the  nnml)^'  required  is  found  to  be  878536. 

It  ma;  be  remarked  that  in  using  five-place  logarithm  tables  it  is  not  generally  to  be  expected  that 
lenlta  win  be  exact  bevond  the  fifth  figure. 

To  show,  at  one  view,  the  indices  corresponding  to  mixed  and  decimal  numbers,  the  following 
sumplee  are  gjven: 


Jfiicd  num&er. 


LoffarithmM. 


ma.O Log.  4.61218 

4094.3 Log.  3.61218 

409.43 L(w.  2.61218 

40.  MS Lm.  1.61218 

4.0043 Log.  0.61218 

T 
tbesi 


Hultiplr  25  by  86. 

26 Log.  L89794 

S5 Log.  1.54407 

Prodmjt,876 Log.2.M201 

EXAMFU  IL 

Uoltiplj'  22.4  bj  1.8. 


iVcunoI  fiuiB6er. 


LogaHthmt. 


0. 40943 Log.  9.61218-10 

0.040943 Log.  8.01218-10 

0.0040W3 Log.  7.61218-10 

0.00040943 Log.  6.61218-10 

0.000040943 Log.  5.61218-10 


Hnltiplj  3.26  by  0.0026. 


Product,  a  OOeiB Loe.  7.91116 


Hultiplr  0.26  by  0.008. 


Product,  0.00075 Log.  6.87506 


Fiodnct,    40;32 Log.  1.00662 

In  tha  last  example,  the  sum  of  the  two  lonrithms  is  really  10.87606—20;  thia  is  the  sanis  as 
187506-10,  or,  rraaerobmng  that  the  quantity  ia  less  than  unity,  aimplv  6.87608. 

Ta  perform  divuim  by  logarittimM,  from  the  logarithm  of  the  dividend  subtract  the  logarithm  of  the 
mrtaor;  the  remainder  will  be  the  logarithm  of  the  quotient. 

EXAMPLX  III. 

Divide  a00815 1^  a002S. 

0.00815 Log.  7.91116 

0.0026 Log.  7.89794 

Quotient,  8. 26 Log.  0.6U2> 

EXAMPLB  IT. 

Divide  a00076  by  O.OSS. 


EXAMPIM  L 

IHvide  876  by  25. 


ExufPU  IL 
Divide  40.32  by  22.4. 


*wtlent,    1.8 Log.  0.26627 


Quotient,  0.08 L<n:.8.47712 


In  Example  ni  both  the  divieor  and  dividend  are  fractions  less  tlun  imlty,  and  the  divisor  is  th« 
waKT;  conaeqoentlv  the  quotient  is  greater  than  unity.  In  Example  IV  both  fractions  are  lees  than 
nnity;  and,  dnoe  the  divisor  ia  the  greater,  ita  logarithm  la  greater  than  that  of  the  dividend;  for  this 
naeon  it  ia  neceeeary  to  borrow  10  in  the  index  before  maldng  the  enbtraotlon,  that  la,  to  noaid  the 
M)^thm(d.00076aal6.8750e— 20;  henoe  the  quotient  ia  lea  than  mtit^.  IoTt' 

o 
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Tbe  ariOanetieat  eompUment  of  the  logarithm  of  a  nnmber,  oBii&Uy  cmlled  the  eohgarithm  of  the 
nnmber,  uid  denoted  by  coloe,  ia  the  leniiuiMier  obtuned  by  eabtntctmg  tbe  logarithm  of  the  niimbtr 
fraiuthel<^{arithmof  nnity.  ltiBtbereforatheIaaMithm(rftherecipTo<»loftheDnmber;  aod.rincetbe 
effect  of  dividhig  by  any  nnmber  ia  the  same  aa  t&At  of  moltjplyin^  by  ita  ledprocal,  it  follows  tbtf.  in 
performing  di  vimon  by  Ifwarithms,  we  may  either  aabtract  the  loganthm  of  the  divisor  or  add  the  anth- 
metical  complement  of  taai  logarithm.  Aa  the  addition  of  a  nnmbw  o(  qnaatitiea  can  be  performed 
in  a  single  operation,  while  in  anbtracticm  the  difterenoe  between  only  two  qnantitieB  can  be  taken  at  at 
tjme,  it  is  frequently  a  convenience  to  de^  with  the  arithmetical  complements  rather  than  with  tlis 
logarithms  themselvee. 

EXAMPUi  I. 

Divide  875  by  26. 


EXAMPLl  IL 

Divide  O.000TC  by  0036. 


QnoUmt,  O.OS Log.  8.47712 


40.32 Log.  1.80662 

.00816 Log.  7.91116 

2S.4 Log.  1.36086.... Oolog.  8.64975 

.0026 Log.  7.S»7H.„.Colog.  2.60208 

Bewilt,  6.86B .Log.  0.76840 


7b  perform  involulian  by  loparittaiu,  multiply  tbe  logarithm  of  the  given  ntimber  by  the  index  of  the 
power  to  which  the  qaaolity  is  to  be  ndsed;  the  product  will  be  the  logarithm  of  the  power  soo^t. 


EXAMPia  I. 

Beqnired  the  aqnare 


18.. 


..Log.  1.26S27 


Aiwwer,  324 Log.  Z.  61064 

EXAXPIA  II. 

Baqoired  the  sqoare  of  6.4. 

e.4 Log.  0. 80618 

2 

Answer,  40.06 Log.  1.61236 


ExAMTLa  ni, 
Beqnired  the  cube  of  IS. 


13.. 


..Log.  1.11304 


Anawer,  2197 Log.S.3418S 

ExAKPLlIV. 

Beqnired  the  cube  of  0.S8. 

0.26 Log.  9. 39794 

S 

0.016626 Log.  8.19S8S 


In  the  iHt  example,  the  fnU  i«odactof  the  mnltipUcation  of  9.S9794— 10  by  3  ia  28.193SS-SI,  whidt 
ia  eqoivalent  to  6.19382—10. 

3b  perform  emlvium  by  iMortttmi  divide  the  logarithm  of  the  nnmber  by  the  index  of  the  power; 
the  quotient  will  be  the  logarithm  of  the  root  sought.  It  the  number  wbcae  root  la  to  be  extracted  la  a 
decimal  fradion  leas  than  unity.  Increase  the  index  of  its  lonrithm  bjf  adding  a  number  of  toia  whlt^ 
shall  be  leee  by  (me  than  the  index  of  the  power  before  mMiMng  the  division. 


ExAHFLa  I. 
Beqnired  tbe  sqoaie  root  of  324. 

824 Log.  2)2.61066 

r.  18 Log.      1.26627 

ExAXFLB  n. 

Beqniied  the  cube  loot  of  2197. 

2197 Log.  3)3.34183 

Log.      1. 11394 


ExAMTLa  TTT 

Beqnired  the  square  root  of  40.9ti. 

40.96 Log.  2)1.81836 

Answer,  6.4 Log.     0.80618 

ExAXPUi  IT. 

Beqoiied  the  cube  root  of  0.015626. 


..Log. 


Add  20  to  the  index 3)28.19888 

Answer,  0.26 Log.       9.39794 


In  the  last  example  the  loMrithm  8.193SS— 10  was  converted  into  its  equivalent  form  of  28. 19382—30, 
which,  divided  by  3,  gives  9.fe794— 10. 

To  find  Ihe  logariBun  of  anu  fimdion  of  an  angle.  Table  44  must  be  employed.  This  table  is  ao 
arranged  that  on  every  page  there  i^ipear  the  lic^puithms  of  all  tbe  functions  of  a  owtaia  angle  A, 
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B  may  be  found  the 
„    ..     _     .  he  re^KctJTB  anctlee 

ve  printed  in  botd-taced  type,  ooe  in  each  oorner  of  the  page;  tbe  nnmbei  ol  minatee  corresponding 
■ppeor  in  jone  oolonui  at  the  left  of  the  page  and  In  anotnei  at  the  right;  the  names  of  the  fnnctiona 
to  which  the  nriouB  logarithnu  correspond  are  printed  at  the  top  ana  bottom  of  the  columns.  The 
tavariaUe  rale  mnet  be  to  take  tbe  name  of  the  fnndjon  Iimrthe  tAp  or  the  bottom  of  the  page, 
■eeordingasthenomber  of  degreeeof  tbeglTenaiiffleii  found  at  the  top  Or  bottom;  and  to  take  tbe 
minatfs  mxn  tbe  right  or  left  hand  oolDmD,acoopaiiwBa  the  nnmber  of  d^reee  it  found  at  the  right 
or  left  hand  dde  o(  the  page;  or,  more  briefly,  take  names  of  fanctiona  and  number  of  minntesi 
nqpectivety,  from  the  line  and  oolnnm  neAKflt  in  position  to  the  number  of  degrees. 

Takiag,  as  an  example,  the  tbirty-flrst  pase  of  the  table,  it  will  be  foond  that  30°  appean  at  tbe 
orawr  Mt-nand  cOTner,  149°  at  the  npper  right^iand,  69°  at  the  lower  right-hand,  and  120^  at  tbe  lower 
lot-baod  oorner.  Sappoae  (hat  it  ts  aetdred  to  And  tbe  log.  rine  ol  30°  lir ;  followins  the  rale  given,  we 
And  lO*  in  the  left-hand  colnmn  and  Sine  at  the  top  ot  the  pag»,  and  abreast  one  ana  below  tbe  otberls 
tbe  leaoired  logarithm,  9.70116.  fint  if  the  log.  sine  ol  69°  IV  were  son^t,  as  SV  appean  below  and  at 
the  risnttrf  the  page,  the  logaritbin  9.933^  wonld  be  taken  from  theconunnmarteaSineat  the bottoin 
and  wreast  Ur  on  the  lignt  It  may  alao  be  eeen  that  log.  sin  30*  KX— log.  coa  69°  60'— log.  ooe 
m°  lO'-'kw.  sin  149°  6(K— 9.7011S,  the  equality  of  the  functions  agreein     --•-'•  ■  ■    ■ 

dedocticMis;  (in  thle  statement  numerical  vaJnea  only  are  regarded,  and  not  e 
(oniae,  betaken'-' ""    "        -■'     -> 


iken  into  aooonnt  in  all  operatioue). 

GxUfPLI  I. 


Log.ain  9.6S029  Lc«.  oot  10.2S313 
Log.  eoaec  10. 31971  Log.  sec  10. 05658 
Log.  tan      9.73687       Log.  cos    0.94342 


ExufPiii  IL 

Boqnlred  the  log.  sine,  cosecant,  tangent,  cota 
gent,  secant,  and  cosine  of  7S°  42'. 

Log.  sin  9.98633  Log.  cot  9.40638 
Log.  coeec  10.01387  Log.  sec  10.60730 
Log.  tan     10.  S0364       Log.  coo    9. 38870 


When  the  angle  of  which  the  logarithmio  fnnctJon  is  required  la  given  to  second^  It  beoomas 
mceasary  to  interpolate  between  the  logaritbrns  ^fivea  for  the  even  minutes  next  below  and  next  above; 
this  may  be  done  either  by  computation  or  (except  in  a  few  cases)  by  inspection  ot  the  table. 

To  mterpolate  by  oompolation,  let  n  repreaent  the  number  of  aeoonda,  D  the  difference  between  the 
logarithms  of  the  next  lesser  and  next  greater  even  minute,  and  d  the  difference  between  the  logarithm 
othe  next  leaser  efea  minute  and  that  ot  the  required  angle.    Then, 


It  should  be  noted  when  the  nnmber  of  seconds  is  30,  20,  16,  or  some  similar  number,  permittiDg 
the  raductiwi  of  the  fraction  ^  to  a  simple  value,  soch  ss  i,  i,  \,  as  the  interpolation  by  this  method 

may  thus  be  made  with  greater  facility. 

Having  obtained  the  difference  of  the  logarithm  from  that  of  the  next  lower  even  minute,  it  must 
be  applied  m  tbe  proper  direction — that  is,  if  the  fnnctioa  is  such  that  Its  logarithm  Increases  as  the 
an^  mcreawfl,  the  logarithmic  diffeieoce  must  be  added;  but  if  it  decreases,  then  that  diftraence  mnat 
be  subtracted. 

For  example,  let  it  be  required  to  find  the  log.  sin  and  log.  cosec  of  80°  10'  19*.  The  log.  sin  of 
30°  10' is 9.70116;  thediBerescebetweenthialogarithmandthatof  thesineof  30°  11' (9.70137)  is-|-22, 
which  is  D.    Hence, 

d-gx(+22)— 1-7; 

ad  the  required  logarithm  is  9.70122.    The  log.  cosec  of  30°  10'  is  10.29886;  the  difference,  D,  between 
th*tandlc«.coeec30°ll' (10.29883)ia -22.    Inthiscaee 

d=J^X(-22) 7; 

Uwrefore,  loe.  cosec  30°  IC  l^'-l 0.29878. 

The  method  of  interpolating  by  inspection  consists  In  Altering  that  column  marked  "  DilL"  which 
■tsdjacentto  the  one  from  which  the  ii^farithmio  function  for  the  next  lower  minute  ia  taken,  and 
lo^atg,  Aimaet  the  nnmber  in  tbe  left-band  minute  column  which  corresponds  to  the  seoooda,  the 
nqniied  logarithmic  difference;  and  tbe  latter  is  to  be  added  or  subtracted  accordinx  aa  tbe  logarithms 
iDcnan  or  decrease  witiii  an  incnased  angle.  Thus,  if  it  be  required  to  find  log.  sin  80°  10'  19^,  find  as 
before  1(«.  Bin80°  10'— 9.70116,  then,  in  the  adjacent  column  headed  "Diff."  and  abreast  the  number 
otseoonda^lS,  in  the  left-band  minnte  column  will  be  found  7,  tbe  logarithmic  difference;  hddthi8,a8 
the  function  is  increasing  and  we  have  the  required  logarithm  9.70122.  If  log.  cosec  80°  lO*  iS*  be 
KiiKbt,flndlqg.  cosec  30°^  10' —10.29886;  then  in  the  adiacent  diftereoce  column,  which  is  the  same  as 
viaiMdfortherinea,  find  as  before  the  logarithmic  difference,  7;  and  since  tbia  function  decreases  as 
the  angle  increases,  this  most  be  mbtntcted;  therefore,  log.  coeeo  30°  lO' 19'-' 10.29878. 

niia  method  of  interpolation  bv  inspection  is  not  available  in  that  portion  of  the  table  where  the 
logarithmic  difletences  vary  so  rapidly  that  no  values  will  apply  alike  to  all  tbe  angles  on  the  same 
Me;  on  such  pages  the  dinerence  for  one  minute  is  given  in  a  colomn  headed  "Diff.  1',"  instead  of 
ue  mual  difference  for  each  second;  in  this  case  the  interpolation  must  be  made  by  computation,  the 
(■ven  difference  for  one  minute  being  D.  in  other  parte  of  tbe  table  the  Interpolation  by  inspection 
ony  be  bable  to  slight  error  because  of  the  variation  in  logarithmic  difference  tor  different  ai^ee  on 
the  nme  page;  bnt  the  tabulated  values  are  sufBdently  accurate  for  the  usual  calcolationa  in  navvatitoi. 
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It  will  be  evident  that  while  the  methods  explained  h»ye  contemplated  entering  the  tftblea  with  m 
nudler  angle  uid  interpolating  ahead,  it  would  be  eqaslly  correct  to  enter  wiUi  a  greater  angle  aod 
nterpolatalxiat  for  the  proper  number  of  minates^  making  the  Teqnigite  ehaoge  in  the  sign  of  the 
ioorreclion. 


Log.  an  «.  83338  +1 
Lew.  Goe  9.8S44S  -1 
Log.  tan      9.96890      +3 


For  *I=  W  Ot". 


Required  the  log. 
of  its'  8Z'  sa". 


■ecant,  coaecaot,  and  cotangent 


Log.  sec  10.00132 
Log.  Goaec  ll.lOBSS 
Log.  oot        11. 1072S 


I  FMITt^CM" 


—  1  10.00131 
+97  II.  10966 
+98        11. 10824 


It  ahonld  be  obeerved  that,  for  imiformitf  and  convenience,  all  looiithmi  given  in  Table  44  havs 
been  increased  by  10  in  the  index,  and  it  is  nnderatood  that  —10  ongfat  properly  to  be  written  after 
each;  thus  all  logarithms  under  10.00000  lepreaent  fnnctiona  whoee  valoe  is  leas  than  nnitjr,  and  all 
over  10.00000  thoee  greater  than  onitv;  for  exampK  11.10726  is  the  logarithm  of  a  nnmber  In  which 
the  decdm^  point  should  be  placed  after  the  second  flgnre  from  the  left. 

To  find  Ae  angle  oorraponding  to  any  logarithmie  fimctiot^  the  ptocsh  is  the  reverse  of  the  one  fust 
described,  find,  in  the  c»lnmn  marked  with  the  name  of  the  fiuiction,  either  at  top  or  bottom,  Uie 
two  logarithms  between  which  the  riven  one  falls;  write  down  the  degrees  and  minntes  of  the  leeaer  ci 
the  two  Gorreepondittg  angles,  which  will  be  the  dE^reee  and  minutes  of  the  ansle  required.  Oall  the 
ditterence  between  the  two  tabulated  logaritbma  D,  and  the  difference  between  tbe  given  logarithm  and 
that  which  corresponds  to  tbe  leaser  angle,  d;  tbea  if  n  represents  the  number  of  seconds,  we  have: 


Or,  the  same  may  be  obtained  by  ii 


n-Bxeo. 

on  (except  where,  as  before  explained,  I 


e  differeooM 


was  taken,  the  logarithmic  difference,  d,  and  noting  the  number  of  seconds  abreast  which  it  stands  in 
the  left-hand  minute  column. 

Interpolation  may  be  also  made  in  the  reverse  direction  from  the  next  greater  even  mlnnta. 

Thus,  if  it  be  required  to  find  tbe  angle  corresponding  to  log.  sin  9.81400,  we  find  log,  sis  Sf  W, 
9.61382,  and  log.  sin  24°  17',  9.61411;  hence  D-29.  and  d-18; 

"-^X  60-37; 

and  the  angle  is  24'  IC  37".  Or,  in  adjacent  column  headed  "Diff.,"  18  would  be  found  abreast  38, 
80,  or  40  (seconds)  in  the  lefthand  minute  colomn— «  oorreepondenoe  sufficiently  dose  for navigaticn 
work. 

If  the  angle  were  known  to  be  in  tbe  second  quadrant,  we  find  log.  sin  156°  43^,  9.61411,  and  log. 
44',9.613""    -^     - -*    "  -•  '    "■ 


On  ISS"  44^,  { 


32;  here  D-29,  and  d— 11; 


-JJx60-23; 


therefore,  the  angle  b  165°  43*  2S".    Or,  in  adjacent  "Diff."  column  find,  abreast  11,  23  oi 


Log.  cot  10.33621  24  46 
Log.  sec  10.11579  40  00 
Log.  cos      8.70542     87    05  j 


116  I    28 


Log.  tan  10. 16593  124  66 
Log.  sm  8.67926  175  39 
Log.  coeec  10. 04044    116    49  I 


»)rreeponding  to  twice  the 
1  P.  M.  column  1»  44»  00*, . 


angular  distaoce 


Z^^ourCbluiRiutn  Tbbfe^^givethemeesarelntJmeGi  „  „_  ___ 

riv&a  in  arc  Thus,  abreast  the  angle  13°  OO'  stands  in  the  P.  M.  column  1'  44"  00*.  corresponding  in 
fime  to  2X13°  OO';  and  in  the  A.  H.  colomn  lO'  16"  00>,  which  is  the  same  subtracted  from  IS'.  These 
oolumns  are  of  use  la  working  the  various  formnln  which  involve  functions  of  half  the  hour  angle. 
Interpolation  for  values  intermediate  to  those  given  in  tbe  tables  is  made  on  the  same  principle  as  for 
the  angular  measure;  this  operation  may  be  performed  by  inspection  by  the  use  of  the  emalT  tables  at 
the  bi^m  of  each  page,  where  n,  the  nnmbOT  of  seconds  of  time,  is  given  in  bold-fsoed  type^  and  d,  tlis 
logarithmic  difference  for  the  respective  colnmns,  appears  below. 

EX^HPLH  II. 

Given  ]<^.  an  it,  9.01394,  find  the  Hour  A.  H. 
correspondmg. 

For  9.9ia9,  4''39"12' 

I         Difi.  (or  5,  Col.  C  -  B 


EZAMPLG  I. 

Given  (-1"  48"  44*,  find  log,  cot  )  /. 


log.  cot  )  I    10. 61687 
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BULBS  AND  PBUfdPLBB  OF   MATHEMATICS. 
.iaS0BU.AIIZOTT8  USSFUL  DATA. 

brtb'a  FoUr  radios— 6,366,683.8  metere. 
Euth'a  Eqoatari&l  isdias— 6,378,206.4  meters. 

Entb'fl  ConipreaBion— igg;^* 

brtb'B  Eocentridtj— 0.0622710 log  8.  91S2S13; 

Namber  of  feet  in  oa«  statute  iiiile-6260 log  3.  7226339. 

Nomber  of  feet  in  one  lumtical  mile— 6080.27 log  8.  7S39229. 

Sneof  X''-«O.0000O4»6 log4.  6856748. 

aneoir-0.00028089 log  6.  4637281. 

The  NapieriaQ  bme  •=-2.7182818 logO.  4342045. 

The  modnlns  of  common  loguithms— 0.4342045 log  9.  6377843. 

French  meter  in  English  feet,  8.2808333 logO.  6160842. 

french  meWr  in  English  sutate  mllea,  0.000621370 ....  log  6.  7033503. 

French  met«  in  nsnticiJ  milea,  0.000630568 log  6.  7320613. 

1  poood  Avoirdapois— 7,000  grains  Troy. 

French  granune—0.00220606  Imperial  poond  Troj. 

French  kilogram  me»0.0106060  fcngiiafi  owts. 

Cabic  inch  of  distilled  water,  in  grains- 252. 468. 

Cnbic  foot  of  water,  In  ojmvm  Troy=908.M88.  , 

Cabic  foot  of  water,  in  pouada  Troy— 75.7374.  >  Bar.  30.00  in.;  tber.  6S*  F. 

Gobic  foot  of  water,  in  ounces  Avoirdupoie- 007.1869691. 1 

Oabic  foot  of  water,  in  ^nnds  Avoirdupois -62. 32 10606.  J 

Ifli^th  of  pendninin  which  vibratea  aecond  at  Greenwicbi  SO.  1303  incbea. 
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APPENDIX  IV. 
UABITDIE  F08ITI0HS  iSD  TIDAL  DATA. 


The  foDowiiis  table  coDtaina  tho  latitnde  and  loiigitnde  o(  a  laige  number  of  places,  together  with 
lunitidalintervmlaaiidtid&liwigeeatllie  more  important  onci.  ItiaurangedgeognphicallyaiidfoUmred 
by  an  alphabetica]  index. 

The  moenphical  position  generally  nUtee  to  some  apedfied  exact  location,  and  is  baaed  up<m  the 
beet  avaljjible  anthoritjr.  The  tidal  data  relate  to  the  waten  adjacent  to  the  raint  whose  Utitud«  and 
](»)gitude  are  given,  b&ig  abetnicted  from  the  Tide  Tables  publuhed  by  the  United  States  Coast  and 
Gemletic  Burvey. 

The  hub-water  and  low-water  lunitidal  intervals  lepraeent  the  mean  intflrvals  between  the  mooa'g 
tnuisit anduke  time  of  next  succeeding  hi^  and  tow  waters  throu^out  a  lunar  month.  The  Q»mig 
Mid  nwp  langes  are  the  di&erencee  in  hei^t  between  high  water  and  low  water  at  spiing  and  at  neap 
tides.  For  those  places  where  the  tide  is  chiefly  of  a  diimia]  type,  and  where  then  u  usually  but  one 
high  and  one  low  water  during  a  lunar  day,  the  tidal  valoea  are  Diacketed;  in  such  cases  the  lunitidal 
intervals  are  for  the  aemidiuinal  part  of  tne  tide  (which,  however,  is  eoly  appreciable  for  a  few  days 
irtien  the  moon  is  near  the  equator),  and  the  range  given  in  the  column  headed  "8pg."  does  not,  as  m 
other  cases,  apply  to  the  spring  tide,  but  to  the  ^reateet  periodic  daily  nnge,  which  umially  occun  a  day 
or  two  after  the  moon  attams  ite  extreme  of  decimation,  and  is  therefore  near  one  of  the  bopics.  As  those 
places  where  the  diunial  type  i>redominatee  seldom  experience  la^  tidal  eSecte,  the  general  data 
fumidied  leatnling  such  tides  will  suffice  for  the  ordinary  purpose  of  the  navi^ptor.  Tbe  method  of 
finding  the  time  oiJiif^  or  low  II 
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APPENDIX  IV. 

HAKITIME  POSITIONS  AND  TIDAL  DATA. 

BAST  COAST  OF  NOBTH  AKBBICA. 


[Pa^  279 


Saliflbury  Island;  E.pt 

Nottingbam  Island:  8 .  pt 

DiggM  iHland:  W.  extieme 

Cape  Woetenholme 

Charlee  iBlaod;  E.  pt 

W.pt 

Cape  W^gB. 

Pnnc«  ofWaleB  Sound:  Center  of  ant — 

Cape  of  Hopei  Advance 

Al^tok  Island:  E.  pt 

Green  Island:  NE.pt 

Button  Islands;  N.  pt 

Cape  Chidleidi 

Reeolation  Island:  8.pt.,Huttonh*dl'd.. 
E.pt.,C.Reeoludon.. 

Black  He«d 

EcUpm  Harbor:  E.  side 

Nacnvack  Bav:  Ldande  off  entrance 

Saddle  Island. 

PortManvers:  Enbance 

Nain:  Church 

Hopedale  Harbor:  HiUtoE'd 

Aillick  Harbor:  CapeHokkivik 

Cape  Harriaan:  N.  extreme 

Indian  Harbor:  Obey 

Outer  Gannet  Island:  Summit 

Qieady  Harbor 

Ckitwrisht  Harbor:  Cuiboa  Castle 

Indian  Tickle:  Summit 

BotmdhiU  Island:  Summit 

Occaraonal  Harbor:  E.  summit  (rf  Twin  I . 

Capo  St.  I.«wia:  SB,  pt 

BatUe  Islands:  NB.  extreme,  SB.  I 

T^bleBead 

Belle  lale:  Lighthouse 

Cape  Banid:  Lighthouse 

Bell  Wand:  8.  end 

Cape  St.  John:  Gull  Island  light 

Tilt  Cove,  Union  Copper 

Punk  Island:  Summit'. 

Offer  Wadham:  Lightbouae 

Toulingnet  Islands:  Lighthouse 

Beldom.com&-hy  Harbor:  Ship  Hill 

CapeFreels:  Gull  I 

Greenspond  Island 

Gape  Kinavista:  Lighthouse 

Catalina  Harbor:  Green  I.  lighthouse 

Bonaventure  Head 

Hearts  Content:  Ligbthouae 

Baccalien  Island:  Lifijithouse 

Harbor  Grace:  Lighthouse  on  beach 

tipe  St.  Francis:  Lighthouse 

St  Johns  Harbor:  Chain  Hock  Battery. . . 

Cape  Race:  Liehthouse 

Cape  Pine:  Lighthouse 

Trepassey  Harbor:  Shiugle  Neck 

Cape  St.  Mary;  Lighthouse 

Little  Flacentia  Harbor:  W.  side  Coopers 

Cove 

Bitrin  Island:  Li^thouse 

laun;  Gr.  LaunB.  C.  Church 


63  27  00 
63  06  00 
62  37  00 
62  36  00 
62  48  00 
62  60  00 
62  30  00 
62  07  00 
61  18  00 
60  10  00 
60  40  00 


60  & 

60  33  00 

61  21  00 

61  40  00 
60  00  00 

60  48  00 
69  07  00 
67  35  00 
67  00  00 
66  32  45 
56  27  04 
55  13  33 
54  55  50 
54  26  65 
64  00  05 
53  50  00 
63  42  S7 
63  34  26 
63  26  00 

62  40  07 
62  21  16 
62  16  36 
62  06  00 

61  63  00 

61  38  48 
60  42  10 
49  69  64 

49  63  00 
49  45  29 
49  35  40 
49  41  20 
49  36  50 
49  16  20 
49  04  20 
48  42  01 
48  30  15 
48  16  56 

47  53  10 

48  08  58 
47  42  45 
47  48  30 

47  34  02 
46  39  24 

48  37  04 
46  43  20 

46  49  34 

47  17  65 
47  00  26 
46  66  30 


6  SO  00 

7  50  00 

8  08  00 
7  33  00 
4  00  00 
6  20  00 
4  03  00 


6  00  00 
4  30  00 
4  28  00 
4  07  15 
3  20  00 

1  20  00 

2  07  00 
1  40  13 
0  12  34 
9  08  01 

7  56  40 
7  12  40 
6  31  31 
6  23  00 
6  69  60 


56  44  29 
56  38  OS 
66  32  20 
66  4100 


55  25  12 
6G  36  30 
65  21  33 


63  68  43 
65 «8  49 
55  32  00   8  05 
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Piwe  880]  APPENDIX  IV. 

MARITIME  POSITIONS  AND  TIDAL  DATA. 
BABT  00A8T  07  N(mTE  AKERIOA-Contiiiiied. 


St.  Pierre:  U.  S.  Coaat  Survey  SUtion.. . . 
Bninet  Island:  UercereHd.  li^thouae... 

BoorlsUnds:  Burceo  I.  lightboiue 

lAPoileBav:  Or.  Egpio  Church 

OtpeR^:  LJKhthouse 

Codroy  leQuid:  B.  side  Boat  Harbw 

Cape  St.  Geotve:  Red  I.,  SE.  pt 

Cow  Head:  NW.  extreme 

Port  Saunden:  Twe  HUls  Pt 

Rich  Point:  LuhUioDM 

F&nUoPena:  New  F^roUe  Pt 

Flower  Cove;  Capalon  Pt 

Green  lelamd:  ISO  fma.  from  N£.  end 

CapeNoiman:  Lighthouse 

Chateau  Bay:  B.  pt.  Ca«tle  I 

Amour  Point:  Ligothouae 

Wood  Island:  B.  pt 

Greenly  Island:  Lighthouae 

Bradora  Bay:  Obs.  Spot,  Jonee  R 

Old  Fort  Island :  Center 

Great  Mekattina  Island:  SE.pt 

Hekattina  Harbor:  Sjiointof  Dead  Cove. 
Little  Mekattina  I. :  S^  pt.  C.  McKinnon. 

St.  llary  Reefs 

South  Maker*  I«dge 

Cape  Whittle 

Nataahquan  Point:  S.  edge 

Clearwater  Point:  SW.  extreme 

Carousel  Island:  Li^thouae 

Point  de  Monte:  Li^thouse 

Quebec:  Mann's  Bastion,  Citadel 

Suebec:  Bonnet's  Hill  Obsy 
ontraal:  St.  James  Cathedral 

Ottawa:  Dominitm  Observatory 

Father  Point:  Lighthouse 

CapaChatte:  Extreme 

Ci^  Magdalen:  Lighthouse 

Cape  Rosier:  Lighthouse 

CapeGaspS:  Ligbthouae 

Anticoetileluid:  Heath  Pt.  lighthouse... 
SW.  pt.  lighthouse 

Btoiaventuie  Island:  E.  pt 

I«ander  Shoal 

Macquereau  Point 

ChaleurBay;  Carlisle 

Dalhousie  I 

Miscou  Island:  Birch  Pt.  lighthouse 

Miramichi  Bay:  Portaee  L,  N.  pt 

Point  Escumenac:  Lighthouse 

NorthPoint:  IJ{dithouBe 

Malpeque  B^:  Royalty  Pt 

East  Point:  Li^thouse 

Charbttetown:  Blackhouse-Pt.  light 

Gt.  Bird  Rock:  Lighthouse 

East  Island:  E.  extreme 

Entry  Island:  LighlhoUBO 

Ambent  Hbr.:  N!  side  of  entrance 

DeadmanRock:  W.  pt 


46  46  51 

47  16  30 
47  35  13 
47  39  SO 
47  87  00 

47  62  30 

48  S3  48 

49  66  20 
60  3S  30 

60  41  SO 

61  02  00 
61  17  26 
61  24  10 
51  38  00 

51  58  00 
51  27  35 
51  22  45 
51  22  26 
61  27  22 
51  21  40 

50  47  30 
50  46  44 
50  31  10 
50  14  00 
50  09  30 

50  1100 
50  06  00 
60  12  27 
50  05  40 
49  19  36 
46  43  23 
46  47  59 

46  29  57 
45  23  30 

48  SI  25 

49  06  00 
49  16  40 
48  51  37 

48  45  16 

49  05  20 
49  23  46 

48  29  30 
48  24  00 

45  12  00 
48  0100 
48  04  24 
48  01  07 

47  14  00 
47  05  00 

47  03  46 

46  33  66 
46  27  15 

46  11  36 

47  60  40 
47  37  40 
47  16  30 
47  14  23 
47  16  03 


56  10  36 

55  61  40 
67  36  62 

56  24  10 
69  18  00  . 
59  23  40 
69  13  10  . 
67  60  00 
67  17  07  . 

57  25O0  . 
67  03  60  . 
66  44  45  . 
56  33  40  . 

56  63  62  . 

55  60  20  . 

66  61  06  . 

67  08  00  . 

57  10  04  . 

57  13  21  . 
67  46  00  . 

58  61  30  . 
58  69  20  . 
69  20  25  . 
69  45  00  . 
69  67  00  . 

6008  00  . 
61  44  00 

63  27  03  . 

66  22  44 

67  21  65 
71  12  19 
71  13  10  . 
73  34  08  . 
76  42  59  . 

68  27  40 
66  46  00 
66  19  30 

64  12  00 
64  09  35  . 
61  42  30 

63  36  46 

64  08  00  . 
64  IS  00  . 

64  46  30 
66  19  00 
66  22  10 
04  29  20 

65  02  00 
64  47  33  . 


63  06  5 

61  08  32  . 

61  24  30  . 

61  41  20  . 

61  49  38  . 

62  12  25  . 


6  16 
8  17 
11  07 


2  11 
2  41 
2  10 
2  38 


ti 


1  43 
1  48 
6  07 


7  06 
7  18 
0  64 


7  13 
6  60 
640 


7  33 
6  07 
9  10 


11  00 
11  56 
2  20 
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APPENDIX  IV. 

MAKITIME  POSITIONS  AND  TIDAL  DATA. 
BAST  COAST  OV  NORTH  AMBBICA— Contiiiued. 


[Fftge  881 


Ciq>e  North:  Lishtbouae 

St.  Amu  Harbw;  E.  pt.  entrance. . . . 

Sydoev  Harbor:  Liehthoiue 

Sctttail  Island :  Ligfithouae,  NE.pt.. 

Louubnrg:  Li|dithoum,  NE.  pt 

HadunelBlmDd:  6.  pt 

Port  Hood:  Juet^u-corps  I 


Sable  Island:  Lightbouae,  E.  end. , 


Pictou:  Cufltomhouw 

Cape  St.  George 

Nortb  Canoo:  Li^thouse,  NW.  entrance 
ArichatHaibor:  B.  C.  Church  steeple... 
C«>eCaneo;  Cranberry  I.,  lif^thouae. .. 

White  Bead  Island:  Lighthouse 

Green  Island:  Liehthouae 

Wedge  Island:  Li^thouse 

Hali&x:  Dockyara  obaervalory 

Sambro  Island:  Li^thouae 

Ma^aretBay:  Shut-in  I 

Tancook  Island 

Lunenburg:  Battery  Pt.  lidit 

Cape  La  Have:  Black  Bock 

Coffin  Island:  Lighthouse 

Little  Hope  Island:  Lighthouse 

Sbelbome  Hbr. :  Two  lights,  HcNutts  I . 

CapeBable;  Lighthouse 

Seal  Island:  Li^thouse 

Yarmouth:  Cape  Fourchu  light 

CapeSt.  Msxy 

Bryer  Island:  Lighthouse 

Annapolis  Harbor;  Prim  Pt.  light 

Haute  Island:  Li^thouse 

Cape  Chignocto 

BumtcMit  Head:  Lighthouse 


CapeEnregd:  Lighthouse 

Cape  QuBco:  Ligntbouae 

St.  Johns:  Partndm  I.  light 

Cape  Lepreau:  Li^thouse 

L'Btang  Harbor:  S.  pt.  tower 

St.  Andrew:  S.pt.  lirfit 

Campo  Bello  Island:  Lighthouse,  N  j)t.  _ 
Grand Hanan Island:  Lighthouse,  NEf.  pt. 
Gannet  Bock:  Lighthouse,  NE.  pt.. 
Macbiaa  lalaud :  Li^tbouse 


Calais;  Astronomical  station 

Eastport:  Cong.  Church 

QuoddyHead:  Lighthouse 

Macbias:  Town  Hall 

Petit  Manan  Island:  Lighthouse.. 

Bakere  Island:  Lighthouse 

Mount  Desert  Rock:  Ligblliouse.. 

Bangor:  ThomaaHill 

Belfist:  Methodist  Church 

Kockland:  Episcopal  Church 

UatinicusRock:  Lighthouse 

Uonht^an  Island:  Lwhthouse 

Begtiiii  Island:  Li^^ouse 


47  01  45 
46  21  00 
46  12  '. 
46  02  16 

45  64  34 
4&28  00 

46  00  00 

43  68  14 

45  40  60 

46  63  f 

45  41  42 

46  30  48 
45  19  49 

45  11  68 

46  06  15 
46  00  36 

44  39  38 
44  26  10 
44  34  00 
44  2»( 
44  2145 
44  12  00 
44  02  00 
43  48  30 
43  37  15 
43  23  19 
43  23  34 

43  47  28 

44  06  20 
44  14  57 

44  41  34 

45  14  55 
45  19  ( 
45  18  40 

45  36  34 

45  19  30 

46  14  20 
46  03  40 

45  04  00 

46  04  06 
44  5 
44  46  52 
44  30  38 

44  30  07 

45  U  05 
44  54  15 
44  48  55 
44  43  01 
44  2 

,  44  14  29 

.:  43  68  08 

,  44  48  23 

.  44  25  29 

.  44  06  06 

,  43  47  I 

.  43  45  53 

.  43  42  26 


60  23  27 
60  27  00 

60  12  60 
69  40  26  . 
59  59  26 
SI  03  00 

61  36  00 

59  44  15  . 

62  42  10 
61  52  00 
61  29  10 
61  01  47 

60  66  41 

61  08  14 
61  32  40  . 


61  G 


45  . 


63  35  22 
63  33  30 

63  54  OO 

64  06  00 
64  17  35 
04  18  00 
64  »7  30 

64  47  16 

65  15  45 

65  37  11 

66  00  G 
66  09  21 
66  12  40 
66  23  38 

65  47  20 

66  00  45 
64  57  00  . 

63  48  30 

64  46  55  . 

65  32  00 

66  03  20 
66  2?  40 

66  49  00 

67  02  52 
66  54  10 
66  44  00 

66  47  00 

67  06  13 


67  1 


60 


60  60  14 

66  57  04 

67  27  22 

67  61  51 

68  11  58 
68  07  44 

68  46  G 

69  00  19 
69  06  62 

68  61  28 

69  18  6S 
69  45  33 


9  34 
920 
9  26 

7  65 
7  43 
7  45 


7  32 
7  39' 


10  29 

10  49 

11  07 


11  21 
1107 
1104 
11  09 
11  00 

ii  02' 
io'ei' ' 

11  36 


11  35 
11  09 
10  45 


2  17 
2  13 
2  05 


3  13 
3  00 
3  10 
1  47 
1  36 
1  38 


146 
"i'36'  ' 


2  05 

3  23 
3  41 


30.0 
23.9 
24.6 
23.3 
24.0 


16.1 
IL7 
11.0 
10.2 
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APPENDIX  IV. 

MARITIME  POSITIONS  AND  TIDAL  DATA. 
BAST  COAST  OF  NORTH  AlCSBIOA— Cantinued. 


Bath:  Winter  St.  Chtireh 

BruDBwick:  CollKespira 

Au^UBta;  B^>tist  Church 

Portland:  CuBtomhouse 

Poitiand  'Bead  lighthouse 

Cape  Elizabetli :  LiEhthouse  (weet) 

Wood  Island:  Ligiithouse 

Boon  Island:  Li^thouse 

Whale  Back:  Lighthouse 

P(»t«mouth:  Navy-yard  flagstaff 

Fort  Constitution 

Hampton:  Baptist  Church 

Idea  of  Shoals:  White  I.  lighthouse 

Newburypcot:  Academy 

Plum  I.  l^ithouse 

Ipswich:  Lidithouse  (rettf) 

Anniequam  Harbor:  Lighthouse 

Cape  Ann:  Thatchen  rUKhthoiiae(N.). 

Qloocester:  UniTersalist  Church 

Ten-pound  I.  lighthouse 

Beverly:  Hospital  Pt.  liAthouee , 

Salem:  Derbya  Wharf  lighthouae 

Haiblebead:  lighthouse 

Cambridge:  Harvard  Observatory 

Boston:  Navy-^rd  flagstaff 

State  House 

Little  Brewster  I.  lighthouae. . 

Hinots  Ledge:  Lighthouse 

Plymouth:  Pierhead. 

Gurnet  lighthouse 

Bkmstable;  Lighthouse 

Cape  Cod:  HiEoUnde lighthouse 

Chatham:  Li^nthouse  (south) 

MoDomoy Point:  Lighthouse 

Nantucliet:  South  Church 

Nantucket  Shoals:  lightship 

SankatyHead:  Li^htnooae 

Tarpaulin  Cove:  lighthouse 

Vineyard  Haven:  W.  Chop  lighthouae. . 

Gay  Head;  Lighthouse 

Cuttyhunk:  Lwhtbouse ^ 

New  Bedltard:  Baptist  Church 

Sakonnet  Point:  Lighthouse 

Beaver  Tail:  Lighthouse 

Newport:  Flagstafi,  torpedo  station 

Bristol  Ferry:  Lighthouse 

Providence:  Brown  UnivemtyObBy 

Point  Judith:  Lighthouse 

Block  Island:  Lighthouse  (SE.) 

Watch  Hill  Point:  Lighthouse 

Hontauk  Point:  Lighthouse 

Stonington:  Lighthouae 

New  London:  Groton  Monument 

Little  Gull  Island:  Lighthouse 

Gardners  Island:  Lighthouae,  N.  pt 

Plum  Island:  Lighthouse,  W.  pt 

Saybrook:  Lighthouse,  LyndePt 

New  Haveu:  Yale  University  Obsy 


43  54  66 

43  64  29 

44  18  52 
43  39  28 
43  37  23 
43  33  61 
43  27  24 
43  07  17 

43  03  32 
43  04  66 
43  04  16 
42  66  16 
42  68  02 

42  48  30 
42  48  66 
42  41  07 
42  39  43 
42  38  21 
42  36  46 
42  36  07 
42  32  48 
42  31  00 
42  30  20 
42  22  48 
42  22  22 
42  21  28 
42  19  41 
42  16  11 

41  68  14 

42  00  12 

41  43  20 

42  02  23 
41  40  17 
41  33  34 
41  16  E>e 

40  37  06 

41  17  01 
41  28  08 
41  26  61 
41  20  66 
41  24  62 
41  38  10 

41  26  30 
41  26  68 
41  29  07 
41  38  34 
41  60  21 
41  21  40 
41  09  10 
41  18  14 

41  01  16 
41  19  31 
41  21  16 
41  12  23 
41  OS  29 
41  10  25 
41  16  17 
41  19  22 


«9  49  00 
69  67  44  . 

69  16  37 

70  IB  18 
70  12  30  . 
70  12  11  . 
70  19  46 
70  28  87  . 

70  41  49  . 
70  44  22 
70  42  34  . 
70  GO  12  . 
70  37  26 

70  62  28 
70  49  10  . 
70  46  00 
70  40  65 
70  34  31  . 
70  39  59  . 
70  30  68 
70  51  23  . 
70  53  03 

70  60  03 

71  07  46  . 
71  03  06 
71  03  60  . 
70  63  26 
70  45  35  . 
70  39  12  , 
70  36  04 
70  16  62 
70  03  40  . 

69  67  01 
60  69  39 

70  05  67 
69  36  33  . 

69  57  57  . 

70  45  29 
70  36  01 
70  60  08 
70  57  01 

70  66  36 

71  13  30 
71  24  00 
71  19  40 
71  16  39 
71  23  69 
71  28  66 
71  33  08 
71  61  32 

71  61  27 

71  64  49 

72  04  47 
72  06  26 
72  08  44 
72  12  43  . 
72  20  37 
72  65  09 


7  51 
11  34 
7  31 
7  30 
7  67 


7  48 

7  63 

8  12 
7  32 

7  33 

8  49 

S20 
009 

9  26 
9  26 
9  40 


1  61 
4  33 
1  20 
0  69 


1  06 
1  09 
1  00 
0  40 

0  57 

1  17 


2  03 

3  03 
3  32 
3  04 
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APPENDIX  IV. 

UABinUE  POSITIONS  AND  TIDAL  DATA. 

BAST  OOA8T  07  NOBTK  AMSBIOA— Coatinued. 


[Paffe  283 


Bridgepoft  Harbm:  Lishthouae 

Nonmllc  Idaad:  LJ^hthouse 

Shiiinecock  Bay:  Ligbtbouse 

FiielsUnd:  Lufathouae 

Albany:  NewDui'leyObBervaUwy 

New  York:  Navr-yiu^  flagsUif 

CityHfcU 

Fort  Wodnrorth:  LigbtbouM 

Sandy  Hook;  Li^thoiue  (rear) 

T.igtituhip 

Naveemk  Highlands:  N.  ligfathouae 

Bamagat  Inlet:  Ligbthouae 

Tackcrs  Beach:  Ligbthouae 

Abeecon  Inlet:  Ligbtbouse 

Five  Fatbom  Bank:  Ligbtahip 

Cape  May:  Li^tbouse 

nuladelphia,  Fa.:  Univenity  Obqr 

Navy-yaid    flaptaff, 

Wilmmgton,  Del.:  ToiraBaU 

Cape  Henknten:  Li^tbouae 

AeaaMagm  Island:  Ligbtbouae 

Hog  Island:  Li^tbouse 

Cape  Cbarlea:  Li^thouae 

Baltimora:  Jobns  Hopkdns  Obey 

Annapolia:  Naval  Academy  Oboerratory. 

Point  Lookout:  Li^tbouse 

WaiUngton,  D.  C:  Navy-yard  flagstaff... 

Naval  Obaervxtory. . 

Cwitol  dome 

Old  Point  Ccmtiort:  Li^tbouoe 

Nocfolk:  Na^7-yard  fluBtaS 

Kdunond,  Va.:  Capitol 

CapeH«niy:  Li^tbouae 

Elisabeth  City:  Coorthoiue 

Bdentm:  Couitbouae 

Cuiritnck  Beach:  LighUiouae 

Bodie  Island:  Lij^tbauae 

C^w  Battens:  Li^tbouse 

Onacoke:  Li^diouBe 

Newbem:  Episcopal  spiie 

Ci^  Lookout:  Liriktbouse 

Beaufort,  N.  C:  Couttbouse 

Frying-Paa  Sboals:  T.ightwhip 

Oeoi'getown:  Episcc^tal  Chuicb 

Lublboiue,  North  I 

Ci^Rooiain:  LiRbthouse 

Cbaileeton:  Lighthouse,  Honis  I 

St.  Uichaere  Church 

Beau»Mt,S.  C:  Episcopal  Church 

Port  Boyal:  Martins  Industry  li^tahip... 

Tybee  Island:  Lighthouse 

Savannah:  Excluuige  spire 

Sapelo  Island:  Lighthouse 

Dwjen:  Winnowing  House 

fit.  Simcm:  Jjwbthouse. 

Brunswick:  Academy 


J. 


41  09  24 

41  02  50 
40  51  03 
40  37  &7 

42  39  13 
40  42  02 
40  42  44 
40  36  20 

40  27  42 
40  28  IS 
40  23  48 
39  46  E" 
39  30  22 
39  21  50 
38  47  20 

38  66  » 

39  68  02 

39  63  14 
39  44  27 

38  4S42 
37  64  40 
37  23  48 

37  07  22 

39  17  4S 

38  68  63 
38  02  10 
38  l£  30 
38  56  14 
38  63  20 
37  00  06 
36*49  83 
37  32  Ifl 
36  66  86 

36  17  58 
36  03  24 
36  22  36 
36  40  07 
36  16  17 
36  06  32 
36  06  21 
34  37  22 
34  43  06 
33  34  26 

33  22  08 
33  13  21 
33  01  06 
32  41  43 
32  46  34 
32  26  02 
32  06  33 

32  01  20 
32  04  G 
31  23  28 
31  21  54 
31  08  02 
31  08  61 


73  10  49 
73  25  11 

72  30  16 

73  13  08 
73  46  42 

73  68  61 

74  00  24  . 
74  03  16 

74  00  09 
73  60  00  . 

73  69  10  . 

74  06  24 
74  17  08 
74  24  62 
74  34  36  . 

74  57  39 

75  16  39 

76  10  32 
76  33  03 
76  06  03 
76  21  23  . 
76  41  69  . 

75  54  24 
76S6  30 

76  20  08 
76  10  20 

76  69  46 

77  03  57  . 

77  00  36  . 

76  18  24 

78  17  46 

77  26  04 
76  00  27 

76  13  23  . 

76  36  31  . 

75  49  51 

76  33  49  . 
76  31  a6  . 

76  69  11 

77  02  24  . 
70  31  20 

76  39  48 

77  49  12  . 

70  16  49 

78  10  66  . 

79  22  19 
79  62  64  . 

79  65  49 
60  40  27 

80  33  16  . 

80  60  37 

81  06  26 
81  17  01 
81  25  39 
81  23  30 
81  20  26 


11  09 
11  03 
7  48 
7  19 
6  13 
S44 


1.  <■. 
K  04 
4  56 
1  38 

1  20 
0  46 

2  49 


760 
7  48 
050 


803 
634 
4  89 
0  31 

7  42 


844 
0  06 
4  30 


7  30 
7  40 
7  30 


8  02 
6  40 
1  60 


2  19 
0-44 
10  63 
6«2 
1  56 


2  17 
2  47 
11  66 

143 


3  38 

"o'ea" 


3  07 
1  24 
J  44 

1  27 
I  57 
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Pair*  884]  APPENDIX  IV. 

MARITIME  POSITIONS  AND  TIDAL  DATA. 
BAST  COAST  OF  NOBTS  AVBBZOA— Cootiiiued. 


Amelia  lalaiid:  Li^thoiue.: 

Femmidina:  Astronomical  sution 

St.  Johns  River:  Lighthouse 

Jacksonville:  Uethodist  Church 

St.  Augustine:  Presbvterian  Church 

Li^tnouae 

Cape  Canaveral:  Lighthouse 

Jupiter  Inlet:  Lighthouse 

Fowey  Rocks:  Lighthouse 

Carport  Iteef:  Ij^thouse 

Alligator  Reef :  Li^thouse 

Sombrero  Key:  Li^thouse 

Sand  Key:  Lighthouse 

Key  Wert:  Lighthonse 

LogKCfheod  Key;  Lighthouse 

Suubel  Island:  LiEhthouae 

GaspariUa  Island:  Lighthouse 

Tampa  Bay:  Egmont  Key  li^t 

Cedar  Keyn:  Ast.  station,  Depot  Key 

Seahorse  Key  light 

St.  Marks:  Fort  St.  Marks 

Apalachicola:  Flagstaft 

Cape  St.  George:  Lighthonse 

Cape  San  Bias:  Lighthouse 

Pensacola:  Lighthouse 

Navy-yard  chimney 

Sand  Island:  Lighthouse  (front) 

Mobile  Point:  Ughthouse 

Mobile:  Episcopal  Church 

Horn  Island:  Li^thouse 

East  Ptscsgonla:  Coast  Survey  station.... 

Missinippi  City:  Coast  Survey  station 

Ship  Ishiid:  Ijriithouse 

Cat  Island:  Lighthouse 

Chandeleur:  Li^thouse 

Month  Miniinppi  Rivot:  Bus  a  I'Outre 
li(*t 

S.  1^  li^t 
(East  Jetty)., 

SW.  Pass  light. 

NewOrieuu:  United  States  Mint 

Barataria  Bay:  Lidithouse 

Timbalier  IsUnd:  li^thouse 

Ship  Shoal:  Lighthouse 

Southwert  Reef :  Li^lhouse 

Calcasieu  Fate:  Lighthouse 

Sabine  Pan:  Li^thouse 

Galveston:  Cathedral,  N.  spire 

Li^lhoose,  Bolivar  Ft 

Matagmda:  Coast  Survey  station 

Li^thouse 

Indianola:  Coast  Survey  station 

Lavaca:  Coart  Survey  station 

Anuisas  Pass:  Li^thouse 

Brazos  Santiago :  Lkht,  8.  end  Fadro  I . . . 

Point  Isabel :  Lighthouse 

Rio  Giande  del  Norte:  Obey.  N.  side  of 
entrance 


30  40  23 
30  40  18 
30  23  36 
30  19  43 
29  &3  20 
29  63  07 

28  27  37 
26  56  64 
26  35  26 

25  13  17 
24  51  02 
24  37  36 
24  27  10 
24  32  68 

24  38  04 

26  27  11 

25  43  06 

27  36  04 

29  07  29 

29  05  49 

30  09  03 
29  43  32 
29  35  18 

29  40  00 

30  20  47 
30  20  49 


30  41  26 
30  13  23 
30  20  42 
SO  22  54 
30  12  63 
30  13  67 
30  02  58 

29  11  SO 

28  69  28 

28  58  22 

29  57  46 
29  16  30 
29  02  49 

28  54  56 

29  23  36 
29  46  66 
20  43  04 

29  18  17 
29  22  OS 
28  41  2» 
28  20  18 
28  32  28 
28  37  36 
27  51  63 
26  04  16 
26  04  36 

25  57  22 


81  26  26 
81  27  47 
81  26  27 
81  39  14 
81  18  41 
81  17  12 
80  32  SO 
80  04  48 
80  06  41 
80  12  40 

80  37  08 

81  06  40 
81  62  40 

81  46  04 

82  65  42 
82  00  43 
82  15  34 

82  46  40 

83  01  67 

83  03  68 

84  12  42 

84  59  12 

85  02  54 
85  21  30 
87  18  32 

87  16  06 

88  03  02 
88  01  26 
88  02  28 
88  31  39 

88  32  45 

89  01  57 
88  57  56 
80  09  41 
68  62  19 


89  66  43 

90  21  26 

91  04  15 
91  30  14 
93  20  43 

93  61  00 

94  47  20 
94  46  00 
96  67  26 
96  25  28 
96  31  01 

96  37  21 

97  03  23 
97  10  00 
97  12  28 

97  06  57 


H.W.   L.W. 


8  12 
8  00 
8  00 
8  20 
8  21 
8  22 
8  24 

8  40 

9  20 
9  44 

12  17 
042 

11  32 
0  42 


[12  10] 

iii'io] 
iii'28i 


[11  25' 
[1  35" 

[12  00' 
[0  20: 


1  62 

2  00 
2  16 
208 
2  00 
2  05 
2  20 
2  36 

5  21 

6  10 
6  19 
6  07 


[4  65] 

'li'io] 


[2.6].. 

[2.1]:; 
ii.T]:: 


13  09 
6  60 
5  40' 
6  45 


[0  23 J     re  35]    f 
[11  631    [6  33]    [ 

[11  15:     [5  00]   [ 


[6  56 

8  41 

9  36 
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APPENDIX  IV. 

HABITDfE  POSITIONS  AND  TIDAL  DATA. 

BAST  OOA8T  OF  NOBTH  AHXBIOA— C<aktmued. 


[Page  885 


San  Fernando  Rivar:  Entance 

Ssatooder  River:  Entrance 

HoimtHecaM;  Snmmit 

Tunpico:  Lighthouse 

C»p«R(ao 

LoooeCky:  Lig^thouM 

TnxpunKeeh:  Hiddlsialet 

Mexico:  TKub»«  Natioiul  Obi^ . . 

BcrnalChico:  Ifiddle  of  ial«t 

ZempoaU  Point:  Extreme 

TeraCniz:  San Juand'UUoAli^t... 

Sacrificice  laland 

Orizaba  Mountain:  17,400  feet 

Cofra  de  Perot«  Mount:  14,000  feet. . 

Alvarado:  £.  ddeof  entnnce 

RocaPartida:  fimnmit 

Tnxtla,  volcano:  Summit 

Monlepio:  Landing  place 

ZapottUan  Point:  l«hthouw 

San  Juan  Point:  Liffhthoiue 

Pnarto  Mexico:  LigntbouM 

Santa  Ana  iMgoon:  Bntzance 

Tvpjlco  River:  Entnuice 

nbaoco  River:  LiiFhtlkonae 

Cumen  Island:  NE.pt 

lagnna  de  TermiDoa:  Vigia  tower, 
endOannenl 

Faypoton  Mount:  Summit 

Lerma:  Clmrcli 

Campeche:  Ltgfathouse 

Fort  San  Jorf 

Point  Fttlmaa 

Siflal:  Fort  tieht 

UadagaecarReef:  Center 

Piogteeo:  Lighthonee 

RiUti-  Villase 

I*gart»Brvaiiiw. 

Cape  Catoche:  Lifrhtbouae 

AJrcaaC^:  Liffhtnoum 

ObirooSlunl:  le-footspot 

New  Bank:  Center 

Trianglee,  E.  reef :  Beacon 

Triai^ee,  W.  reef :  OayatSW.  end. 

Bkjo  Nuevo  Reef:  Center 

ArenaaCayB:  NW.  Cay 

AlacnuiReef:  Peres  Cay 

Contoy  laland:  L^Iitfaoiue 

Hugeren  Island:  Lightliouae 

Oancnn  Island:  Nisuc  Ft 

Cosumel  Island:  N.  pt.  Ughthouse. . 
S.  pt. lighthouse... 

Ascension  Bay:  Allen  Ft 

ChinchoRo  Bank:  Cayo  Loboe  light. 

HalfmoonCay;  Lighthouse 

Uauger  Cay,  NW.  end:  Lighthouse. 

Glover  Reel :  8W.  Cay 

English  Cay:  Lighthouse 

Bt.  GeoigeeCay:  Center 


25  23  40 
23  46  20 
22  38  40 
22  16  60 
21  36  00 
21  28  12 
21  03  00 

16  24  18 
19  39  60 
19  27  26 
19  12  30 
19  10  10 
19  04  00 
19  29  SO 
18  49  00 
18  44  00 
IS  29  00 
18  40  00 
18  34  00 
18  19  45 
18  08  66 
18  18  49 
18  26  44 

15  39  SO 
18  47  OS 

18  S8  44 

19  38  00 
19  48  24 
19  SO  20 

19  61  36 
21  02  00 
2L  10  06 
21  26  30 
21  17  00 
21  23  00 
21  36  30 
21  36  60 

20  12  46 
20  29  00 
20  32  00 
20  64  64 

20  68  00 

21  60  00 

22  07  10 
22  23  36 
21  33  00 
21  12  00 
21  03  00 
20  36  60 
20  16  20 
19  46  65 
18  23  20 

17  12  15 
17  36  15 

16  42  20 

17  19  80 
17  33  16 


97  21  26  . 

97  46  66  . 

98  04  65  . 
97  49  66 
97  22  00  . 
97  13  00  . 
97  13  35  . 

99  11  38  . 
9«  24  39  . 
96  20  22  . 
96  07  67 

96  05  30  . 

97  16  65  . 
97  07  30  . 

95  44  48  . 

96  II  14  . 
96  08  00  . 
95  06  12  . 
94  60  00  . 
94  3S  67  . 
94  24  47  . 
93  61  63  . 
93  25  25  . 
92  42  00  . 
91  30  60  . 

91  60  17 

90  43  27  . 

90  36  11  . 
90  32  20 

90  30  61  . 

90  22  00  . 
90  02  37 

90  18  27  . 
69  39  30  - 
88  64  £7  . 

85  10  27  . 
87  04  10 

91  67  46 

92  13  27  . 

91  62  27  . 

92  12  47 
92  18  67  . 
92  04  26  . 
91  24  21  . 
S9  41  46  . 

86  48  00  . 
86  43  39 
86  46  45  . 
86  43  65 

86  69  04  . 

87  28  27  . 
87  23  40  . 

87  32  30  . 

87  46  SO  . 

87  60  50  . 

88  03  20  . 
88  04  46  . 


[8  38]  [2.4].. 


928 

"i'io'  * 


9  20 


3  08 
"2'68*  ' 
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Pa««  286]                                   APPENDIX  IV. 

MARrmm  positions  and  tidal  data. 

XA8T  OOAST  OT  HOBTH  AMEBIOA-Oontfaiued. 

1 

Flm. 

I«t.N. 

I-OB.W. 

Lua-Int 

^    1 

H.W. 

L.W. 

Bpf. 

N«p. 

1 
1 

i 

i 

i 
1 

18  67  50 

16  48  60 

17  29  20 
16  67  40 
16  47  45 
16  46  10 
16  30  64 
16  14  15 
16  64  00 

15  49  46 

16  38  00 
16  24  20 

16  52  20 

15  67  46 

16  08  00 
16  47  11 

15  48  45 

16  38  00 

15  65  45 

16  03  40 
16  68  00 
16  18  00 

16  24  20 

16  28  00 

18  44  00 

17  24  21 
16  63  00 
16  00  00 

15  51  60 

16  48  60 
16  23  40 

16  00  04 
16  03  30 
16  52  00 
16  51  00 
16  08  60 
16  07  00 

14  21  12 
16  64  00 

15  47  46 
14  21  S3 
14  08  00 
14  30  00 
1SS4  30 
13  22  54 
12  31  40 
12  24  00 
12  10  00 
12  22  36 
12  20  39 

11  59  00 

12  17  30 
12  09  17 
10  66  16 

10  02  00 
10  00  16 

S8  06  06 
88  06  36 
88  11  20 
88  13  48 
88  15  16 
88  37  40 
88  22  13 
88  35  61 
88  66  20 

88  46  22 

89  01  36 
89  09  15 

88  33  22 
88  38  60 
88  20  15 
88  04  31 
87  27  46 
86  56  00 
86  69  18 
86  59  16 
86  32  09 
86  34  27 

86  18  41 
86  65  00 
S4O2  0O 

83  60  26 
86  27  10 
85  03  00 

84  38  33 
84  17  10 
83  42  36 

83  09  22 
83  08  20 
82  23  27 
82  18  07 
82  42  08 
82  20  00 

82  45  67 
80  61  27 

79  60  63 

80  15  20 
8108  21 
8107  21 

80  06  05 

81  21^6 
81  43  06 
81  27  53 

81  49  54 

83  23  10 
83  37  12 
83  41  67 

82  68  35 

83  03  35 
83  42  15 

83  48  SO 
83  00  57 

k.   a. 

1.   n. 

ft. 

A 

800 

160 

1.5 

0.8 

CockKomb  Mount:  Summit,  4,000  feet... 

Dulce  River:  Entnuce  W  side 

900 

260 

2.0 

LI 

DulceGulf;  Fort  St.  Philip 

Iiabal 

Hoepital  Bight:  Hut,  N.  pt.  of  e&tnnce.. 
Cape  ThreeTointa:  NW.  extreme 

CapeTriunfo:  Bluttpt 

Congrehoy  Pe»k:  Summit,  8,040  feet 

TTtill.  T.1.H-  f   OflV 

Bog  Idande:  Highest  hiU  on  W.  idet.... 

736 

123 

3.B 

I.S 

Port  Roral,  NW.  pt.  <a  Qeoge 

Bonacca  Ldand:  Stunmit,  1.200 feet 

860 

238 

1.6 

0.8 

Swan  Idands:  Light  on  W.  pt.  of  weat 

Oieat  Rock  Head:  Bluff  extreme 



Breweii  Lapwa:  B.eideol  entiance 

Patuca  River:  E.  side  of  «ntraace 

Camtaska  Lagoon:  E.  side  of  entrance... . 

10  20 

407 

2.0 

1.1 

Caxonea  Reef:  Great  ^by  Itdet 

400 
400 

10  13 
10  13 

2.0 
2.0 

LI 
LI 

Ramna  TUnV-  l.tllla  r*y      ' 

Quita  Suefio  Bank:  S.  extreme  of  reef.... 
SpitatNW.end 

4  00 

10  13 

LO 

0.5 

Be.  Andrews  Island :  SW.  cove.  Entrance  I. 

1  50 

803 

2.0 

LI 

Pearl  CavB  Lagoon:  Mosquito  Pt. 

BluefieWe:  Schooner  Pt 

1  40 

7  62 

2.0 

LI 

Great  Com  iHland :  Wella  N.  of  Quin  BluS. 

1  35 
1  00 

7  47 
7  13 

2.0 
1.5 

M 

0.8 

Mount  Gartago:  Peak,  11,100  feet 

100 

7  IS 

L6 

0.9 

abvGoogle 


APPENDIX  IV. 
MABimCB  POSITIONS-  AMD  TIDAL  DATA. 

. 

[p»««88r 

I 

PhMb 

LatH. 

LCDfrW. 

Lea 

Int. 

E«n- 

H.W. 

I.W. 

SM. 

Hi«. 

•  38  30 

&2S1S 
926  00 
S  U24 

•  20  17 

•  14  63 

•  17  00 

•  10  30 

•  06  00 

•  19  27 

•  22  39 
922  09 
933  20 
»  34  00 
863  62 
844  30 

82  39  06 
82  20  40 
82  19  28 
82  19  36 

82  14  29 

82  07  48 

83  03  00 
8164  06 
8133  67 
80  00  22 
79  57  13 
79  64  42 
79  39  13 
78  67  00 
77  40  63 
77  32  16 

t.    m. 

i.  n. 

ft. 

ft. 

AlmirutteBay:  Tirbi  Ft.,  Extreme 

CoIu]iibiuI.,LimePt.... 

Shepheri.I.,Smniiiit.... 

BocH  del  Toio,   B«lio 

Td.Sto 

042 

CMwiayChMmel:CniwIO»y 

BIuico  PMk:  BuEomit,  1I,7«)  feet 

Oiirigui  Lwoon:  VaUeDtaPMk.Sumiiiit. 
Bxniao de7«r.gu«:  NW. Pt. <rf id»Dd. . . 

Tnm  Pnlnl-  T.M.thm.M. 

Colon:  Uriithoue.     . 

006 

6  18 

LI 

o.t 

OnllofBuiBlu:  CkpeSmnBlu 

U80 

6  17 

L6 

WB8T  COAST  OF  NOSTH  AJCBBXOA. 

a 

Point  BuTOw:  Hi^tert  Ut.  of  Alub  .... 

71  23  30 
70  16  00 
68  62  00 
87  09  00 
66  14  30 
66  32  00 
66  36  30 

66  33  30 

65  16  40 
64  23  00 
63  26  00 
63  34  30 

61  40  00 
63  16  00 
60  18  00 
60  13  00 

60  26  22 
6S48  31 

67  30  24 

66  64  69 

66  34  23 

62  66  01 
6169  04 

61  23  39 

61  49  18 

62  10  36 

67  07  19 

63  62  64 

64  13  30 

64  26  12 

65  20  46 

55  19  17 

56  07  36 
56  03  17 
54  58  25 
64  66  30 

156  27  00 
161  47  30 
166  06  00 
163  34  00 

161  45  00 
163  36  00 
168  40  00 
168  00  00 
166  46  30 

165  06  00 

162  02  30 
162  42  30 

166  16  00 

168  4100 
172  02  00 
172  36  00 

166  08  30 
160  60  00 

167  68  30 
160  34  64 

169  39  60 

177  30  00 
179  12  06 

1^2'o0 
174  16  18 
170*17  52 
166  3144 
162  38  00 
162  18  00 
160  38  39 
160  31  14 
169  56  06 
169  23  06 
159  22  18 
169  16  03 

11  41 

533 

0.6 

0.2 

7  45 

160 

2.0 

Diomede  LilMid:  ytaiwvf  Rock 

C»pe  Prince  of  Walae:  W.  pt 

:::;::" 

6  10 

1  10 

(ill 

St.  Mkhaelr  Fort 

St '  Lawrence  liluid:  E  pt 

440 

1100 

3.1 

Nimivakldand:  CapeStoUn 

P(itMoUer ., 

Attu  iBland:  Ctuclugof  Harbor  . 

335 
330 

•  48 

•  43 

6.7 
6.2 

2.9 
2.7 

Kiaka  Island:  Kiaka'Sarbor,  Art.  rta 

326 

988 

6.0 

2.8 

Atka Island:  Nazan  Bay  (cbnich) 

Pribilof  Idand:  St.  Paul  I.,  village 

Unalaeka  Wand:  C.  8.  stotionTlSuUuk. . 

4  17 
360 
12  13 

10  29 
•  58 
6  10 

2.7 
2.9 
6.7 

1.4 
L6 
2.8 

Rannoth  Mnn^  ■  MR  "«„I 

TThh  Tal«»1 

240 

866 

8.2 

4.1 

Simeoiof  Idand:  Simeoaof  Harbor 

220 

833 

7.6 

3.8 

ijGoogle 


P»g«  988]  AFPEMDDC  IV. 

HAsmuB  FoemoNs  and  tidal  data. 

WSST  OOAST  OTHOBTH  AUBIOA— Omtlinied. 


Oi^---p 

Ougnik  my:  Andunam. 
Anowikldand:  S.«nd... 

XidLtboQM  Bocka 

Clurikof  IflUnd 

Eoduk  Idand,  Bt.  Pkul  Harbor:  Gove 

NW.ofTillie* 

PoftEtehw 

Hiddlebn  Idand 

Mount  St.  Eliaa:  Summit 

YakatetBajr:  PortUolgrave 

Litaya  Bay 

Sitka:  Middle  of  paiadegtotrnd 

Juneau 

Wnngell:  Ast.  Btali<m 

North  Idand:  N.  pt 

C^wKdox:  Ez1i«me .- 

FtntEapflr:  Sansuml 

Fomrtb  Point:  Extreme 

St.  James  Oum:  S.  extreme 

Cumdiem  Haitxs:  N.  aide  of  entrance... 

SkidegateBav:  Bock  co  bar 

Rom  S^t  Point:  Exbeme 

HaMetHarboi:  Ibswt villi^e 

C^»aEdendinr:  Bxtreme 

Hecate  Bay:  (Aeervnfavy  Islet. 

Stamp  Harbor:  Obeerratory  Islet 

Island  Harbw:  Observatory  Islet 

OqmBeale:  li^^thouae ,... 

HeequiatBaibw:  BoatCove 

Estevan  Point:  S.  extreme. 

Nootka  Sound:  Friendly  Cove 

PortLangfMd:  Colwood  Wet. 

Eqperanui  Inlet:  Observatory  Rock 

Kynquot  Sound:  ffluiujePomt 

Naaparti  Inlet:  Head  Beach 

CookQipe:  Solander  I 

NorQi  Harbor:  Observatory  Rock 

Hecate  Cove:  Kitten  Islet 

Cute  Scott:  Summit 

Bull  Harbor,  Hqm  Idand :  N.  pt.  Indian  I. 

Fnt  Alexander:  Islet  in  center 

Beaver  Harbor:  Shell  Islet 

Cwmoiant  I. :  Yellow  Bluff  in  Alert  Bay . 

Baynee  Sound:  Bc&k  Pt 

Nanooee  Harbor:  Entrance  Rock 

Nanaimo:  Lij^thbuae 

Benson's  House 

Victoria:  Lirfilhouse 

Eequimalt:  Fia^arf  I.  light ^ 

Race  Island:  Lighthouse 

POTtSanJuam  Pinnacle  Rock 

PortSimpeon:  Methodist  Church  Spire... 
Prince  RupertHbr.:FairviewObB.  Spot. . 

Port  Harvey:  Tide  Pole  Islet 

PortNeviUe:  Robber's  Nob 

Knox  Bay,  Thurlow  Island:  Stream  at 

head  of  bay 

Valdee  Island:  S.pt 

Howe  Sound:  Plumper  Cove 


W48  00 
HU  20 
WW  13 
55  45  24 

66  48  22 

67  47  67 
60  20  43 

59  27  22 

60  20  45 

59  33  42 
SS84  57 

67  02  62 

68  18  00 
66  27  00 

64  15  35 
64  10  3D 

62  66  31 
52  09  07 

61  64  00 

63  02  00 

63  22  20 

64  13  00 
54  02  14 
64  06  60 

4B  16  22 
40  13  46 
48  64  41 

48  47  23 

49  27  31 
49  22  07 
40  35  31 
49  47  20 

49  52  46 
40  60  55 

60  11  21 

50  06  31 
60  29  26 
50  32  26 
50  46  41 
50  54  47 
50  50  49 
50  42  36 
50  36  02 
49  36  29 
49  15  43 
49  12  60 

49  10  16 
48  25  26 
48  25  60 
48  17  63 

48  33  30 

54  33  20 
54  17  17 

50  33  58 
50  31  09 

60  24  16 
50  02  42 

49  24  39 


168  46  00 
168  24  24 

166  39  19 

167  27  04 
166  42  61 

162  21  21 
146  37  38 
146  18  45 
141  00  12 
139  46  16 
137  40  06 
136  19  31 
134  24  00 

132  23  00 

133  02  00 
133  06  10 
132  09  06 
13103  20 
131  01  2« 
131  31  00 
131  61  00 

131  37  00 

132  11  16 
132  26  10 

126  65  43 
124  60  07 
126  IS  51 
126  13  14 
126  24  63 
126  31  68 
126  36  68 
126  56  31 
126  60  21 


127  0 


127  35  44 

128  26  11 
127  55  29 
127  39  23 
127  24  33 
126  56  66 
124  60  44 
124  07  32 
123  48  11 
123  66  02 
123  23  31 
123  26  48 

123  31  47 

124  27  37 

130  26  00 
130  21  33 
126  16  06 
126  03  47 


11  56 

11  60 
11  47 


«  17 
«6« 
«39 


6  46 

6  38 
6  34 


6  22 
6  44 

6  42 

7  08 
11  00 
11  18 


11  05 
[8  31] 
8  14 


..'Google 


APPENDIX  IV. 

HARITIUE  POSITIONS  AND  TIDAL  DATA. 

T>BT  OOABT  OF  HOSTH  AKBBIOA-^^mtmiied. 


[Pa««98» 


Alkusoo  Fomt:  Lidithotim 

Vancouver,   Buirara   Inlet:   Govt.   It«- 

oerve,  E^liah  B»y 

FtiserRivw:  OMry  Pt 

New  WealminBtei:  Military  buncks 

PcdntBobern:  Panllel atktaon 

SenuMoooBftjr:  Panllel  etfttion 

AdminltyHead:  JJAHunae 

Steilacoom:  Hethodut  Oiuidi 

Se»tUe:  C.  S.  ut.  station 

PortTomMud:  C.  B.  ut.  stotitai 

Smid)  lalaad:  Li^thoute 

New  DniiMiieH:  IiidithauBe 

PortAngelce:  Edis  Hook  li^^thcuM 

Cq»e  Flattery:  IMithouee 

Cdpe  Shoalwater:  XiditbooM 

C*pe  DiMppomtoiflDt:  Li^thouM 

Bremffl'ton:  Navy-vaid  flaotaS 

Taconft:  St.  Lake's  Cbtiicb 

Astoria:  Flagstail 

YaqninaHead:  Li^thouse 

CBpeArago.OTOregory:  Li^tbouse 

Ci^  Blanco:  Lighthoose 

Giesceat  City:  lididumae >. 

Trinidad  Head:  tj^thoaee 

Ennka:  Methodist  Church 

Humboldt:  Li^thouse 

Cape  Mendocino:  Li^thouse 

Pcont  Arena:  Li^thouee 

Point  Beyea:  L^thouse 

San  FrandBCo:  Davidson  Observatory. . , 

Presidio 

Berkeley  Univ.  Obey 

Hare  Island:  Qironom.  and  Time  Bta., 

Nayy-yaid 

Benicia:  Church 

FaiKllon  lalet:  Lighthouse 

Santa  Clara:  Catholic  Church 

HoantHajuilton:  Obe.  peak 

San  Jose :  Spire 

Pigeon  Point:  Li^tbouse 

S&nlaCruz:  Warehouse  flagetaS 

Monterey:  C.  S.  azimuth  station 

Point  Pinoe:  Lighthouse 

Piediae  Blancaa:  Ij^thouse 

Point  Conception:  Lighthouse , 

Santa  Barbcua:  N.  tower,  Mission  Church. 

Ban  Bnena Ventura:  C.  S.  aat.  station 

Ft  Fermin,  San  Pedro  Bay:  Lighthouse. 

LoeAngelee:  Courthouse 

Pomt  Loma:  Lighthouse 

San  Diego:  C.  8.  aat.  station 

Mexican  Bounda^:  Obelisk 

Ban  Hiffuel  Ishrad:  BeaTPt 

Santa  Rosa  Island:  Kjt 

Santa  Cruz  Island:  NKpt.: 

Anacapftldaad:  E.  pt 

Bvnta  Barbara  Island:  Summit 

San  Nioolaa  Island:  Summit 

SanbOafalinalaUnd:  Cat&UnaPeak... 


49  16  IS 
49  07  04 
49  13  01 
49  00  00 
49  00  00 

4S09  19 
47  10  20 

47  S»  64 
4S06  W 

48  19  07 
4B  10  62 
4S0S  24 
48  23  30 
46  43  00 

46  IS  29 

47  33  43 
47  16  32 

46  11  19 
44  40  35 
43  20  36 
42  60  22 

41  44  36 
41  03  01 
40  48  11 
40  41  37 
40  26  18 
38  67  12 
37  69  39 
37  47  28 
37  47  30 

37  52  24 

38  06  66 
38  03  05 
37  41  51 
37  20  49 
37  21  03 
37  19  58 
37  10  49 
36  57  31 
36  35  21 


36  3 


34  26  10 
34  15  46 

33  42 .14 

34  03  05 


32  43  06 

32  31  68 
34  04  19 

33  66  30 

34  03  12 
34  00  25 
33  28  16 
33  14  65 
33  23  09 


123  16  64 

123  11  26 
123  11  27 
123  63  62 
123  04  62 
122  44  66 

122  40  34 
122  36  61 
122  19  59 
122  44  68 

122  60  36 

123  06  31 

123  24  07 

124  44  06 
124  04  26 
124  03  11 
122  37  69 

122  26  26 

123  49  42 

124  04  40 
124  22  31 
124  33  30 


124  0 


124  16  26 
124  24  26 
123  44  27 
123  01  24 
122  26  43 
122  27  49 
122  «M» 

122  16  24 

122  09  23 

123  00  07 
121  56  26 
121  36  40 

121  S3  39 

122  23  39 
122  01  29 
121  52  59 
121  66  02 
121  17  06 
120  28  18 
119  42  42 

119  15  56 
118  17  41 

118  14  32 
117  14  87 
117  09  41 

117  07  32 

120  21  65 

119  68  29 
119  33  51 
119  23  04 
119  02  29 
119  31  19 

118  24  05 


3  40 
2  42 
2  10 
006 


9  32 
9  28 
8  34 
8  23 

6  16 


12  22 
4  27 
4  32 


6  19 
10  35 
10  45 

6  42 
6  37 
6  49 


11  33 
11  27 
11  67 
11  3 
11  00 

10  36 

11  23 

12  07 
11  43 


6  15 
6  11 
6  46 
5  19 
4  50 

4  21 

5  08 
5  34 
5  07 


7  16 
7  48 
4  25 


3  15 
3  21 
3  13 

"307'  ' 


,  Google 
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ICARITZUE  POSITIONS  AND  TIDAL  DATA. 

1 

FlMW. 

1-t.N. 

Lom-w. 

LuLlnt. 

^    1 

e.w. 

L.W. 

BPC. 

N«». 

i 

31  Bl  10 
31  33  04 
30  57  3ft 
30  28  58 
30  22  16 
29  47  20 
29  25  29 

29  loeo 

28  66  OS 
28  40  16 
28  14  26 
28  03  52 
28  18  08 
27  39  36 

27  06  10 
26  45  45 
26  42  49 

28  18  68 
26  03  18 
24  58  00 
24  47  31 

24  33  23 
24  18  12 
24  20  17 
23  27  14 

22  B3  07 

23  03  35 

23  32  48 

24  03  62 

24  15  31 
24  10  10 
24  24  10 

24  62  03 

25  29  23 

25  69  37 

26  00  41 
26  30  44 

26  63  37 

27  10  21 

27  26  06 

28  00  07 
28  25  04 
28  47  40 
28  49  11 

28  56  39 

29  13  62 
29  33  08 

29  57  27 

30  26  16 

31  02  57 
31  46  10 

3100H 
30  16  05 
29  64  12 
29  16  12 

28  46  66 
28  45  28 
28  03  22 

27  60  28 

116  38  06 
116  40  61 
116  17  28 
116  06  46 

115  69  07 

116  48  12 
116  12  14 
118  18  30 
114  31  06 
114  14  15 

114  06  21 
116  11  32 

115  36  10 
114  64  27 
114  17  25 
113  16  25 
113  36  04 
112  41  44 
112  17  62 

116  61  64 
112  18  26 

112  08  54 
11142  64 
111  30  21 
110  14  07 

109  54  50 
109  40  43 
109  28  57 

109  60  29 

110  20  34 
110  20  41 
110  20  35 

110  41  47 

111  01  43 
111  06  63 
111  21  03 
111  27  14 

111  68  04 

112  05  39 
112  19  56 
112  47  36 

112  51  59 

113  12  48 
113  00  06 
113  34  36 
113  40  00 

113  36  19 

114  25  49 
114  39  47 
114  62  10 
114  43  31 

113  16  30 
112  53  26 
112  46  04 
112  28  51 
112  21  46 
111  68  37 
111  16  00 
110  64  28 

fl28 

306 

ft. 

6.0 

ft. 

2.2 

927 

306 

6.8 

2.6 

San  Hutm  Island:  Busier  Cove 

023 

300 

4.9 

2.2 

Sui  Geronune  Isknd:  Bishtat  E.'^... 

LaPlanSbrift:  Uound  on  W.  ride 

Butte  Boaalia  Bay:  Ob*,  spot,  0»irn. .... 
Lagoon  Head:  BUett  pt  of  enter. 

9  16 

263 

7.6 

3.4 

905 

242 

7.8 

3.6 

Sui Benito Idand;  Summitof  W.  idand.. 

San  Butofem^:  N.  ride  of  entrance 

Ajnmcion  Uand:  Summit  of  island. 

900 

2  37 

as 

2.8 

AbreoloB  Point;  Eitreme  of  rocky  ledge. . 
San  Domingo  Point:  Edeo  of  cliff 

900 

248 

6.7 

.2.3 

829 

2  17 

6.7 

L6 

Hiudalena  Bay:  Obe.  spot  (post)  N.  of 

825 

2  12 

6.6 

L6 

Todos  Santos :  Foot  of  hill,  Libii  Pt 

San  Lucas:  Steep  stuid  beach,  NW.  pt.  of 

San  ios6  del  Oabo:  N£.  ride  of  entrance. . 

836 

220 

4.6 

L2 

Picbilinque  Bay:  SB.  pt.  of  San  Juan, 

940 

334 

6.4 

L3 

SanEvaristo:  3  m.  B.  of  S.  EvarisIoHd.. 

Salinas  Bajr:  Beach,  NE.  pt.  of  bay 

Bania  Maria  Cove:  Beach  on'SW.  diore. . 

Sanl«  Tereea  Bay:  Beach  on  N.  side 

11  50 

6  47 

11.2 

2.6 

Basalriand:  Landing  place,  S.  side 

AngelflBBw-:  Bight  on  NW.  shore 

BetnedioB  Bay:  Beach  on  W.  shore 

San  Felipe  Point:  Peak,  1,000  feet 

Kino  Point:  0.2  mile  N.  88=  W.  of  mound. . 

11  30 

526 

.0 

1.2 

abvGoogle 


APPENDIX  IV. 

MABITIME  POSmONS  AND  TIDAt.  DATA. 
WXBT  COAST  07  NORTH  AKKBICA— Continued. 


[PftC«  891 


Ciaris  Idaitd:  NW^part 

BftDta  Buban:  NWT  aide  of  bay 

Ag:iabampo:  SE.  side  of  entnuice 

T^lobampo:  SE.  end  of  Santa  Maria  I. . 

Navachista:  W.  aide  of  creek 

Playa  Colorado:  N.  aide  of  entrance 

Altata:  N.  aide  of  entrance 

Uaiatlan:  Lighthooae 

FaleniU  ViUa«e:  BocaTecapan 

San  Bias:  CuBtombouBe 

Hana  Hsdre  Island:  SE.  extione 

Mitft  Point:  Eztieme 

PeDas  Ancbonge:  Uoutb  of  Rio  lUal 

Cape  CoRientes:  Extreme .' 

PerolaBaT:  Smooth  Bock 

Ban  Beneaicto  kland:  S.  extrmae 

SocOTTo  Island:  BE.  i>art 

BocaParUda:  Summit 

<3arion  Island:  S.  end 

dipperton  Island:  Summit 

NATi^dBar:  W.  end  of  sandy  beacb 

Hanxanilla  Bay:  FUfptaff,  U.S.  consulate. 
Sacatula BiTBi:  Beach, W.aideofbay.... 

iBlaGiande:  Tripod  on  NW.  summit 

ffihnatanejo  Point:  TraeonbcAch 

iiotro  FetatUn:  Junction  of  atony  and 

sajidy  beadiee 

Tequepa  Harbor:  Limekiln 

Acapulco:  Li^thouse 

Ualdonado:  EnRecoidoPt 

FutAngdee:  Lighthouse 

Sacrificios  Point:  Higjiest  pt.  of  cftpe 

Pt^Ouatulco:  Croas 

HraToAyuot:  Summit  (d  N.  edge  of  cape. 
Salina^iis:  Li^thonse 

Cluunperico:  Inshore  end  of  iron  wharf... 

San  Jose  de  Guatemala:  Lighthouse 

Acajutla:  L^thonae 

Libertad:  Li^thouse 

Ia  Union:  Li^thouse 

Chicarene  Point:  Extreme 

Corinto:  Li^thouse 

San  Juan  du  Bur:  Sinial  station 

Spinas  Bay:  Salinas  lalet 

Port  Culebta:  Extremity  of  Mala  Ft 

Ballena  Bay:  N.  Estero  Touaaa 

Parida  Anchorage:  6.  pt.  of  Deer  Id 

PratNuevo:  EnttadaPt 

Bahia  Honda:  W.  end  of  Centinela  I 

Coiba  (Quibo)  Island:  Obserratioa  pt 

CocoB  Idand:  Head  of  Chatham  Bay 

Panama:  Oalhedial,  S.  tower...., 

TaboM  Island:  Cbuidi 

Capellala:  Extreme 

Halpelo  Island:  Summit 

Point  Chain£:  Extnme 

Flamenco  Island:  N.  Ft 

Chepillo  Island:  Center 

Bey  Island:  Cocas  Ft.  extnme 

Darien  Harbor:  Graham  Pt 


26  68  59 
26  «( 
26  16  35 
25  33  56 
25  23  06 
25  U  42 
24  3S  52 
23  10  40 
22  30  26 
21  32  30 
21  30  45 
20  45  60 
20  36  26 
20  25  00 
10  34  4S 
19  17  15 
18  42  67 
18  59  41 

18  20  55 
10  17  00 

19  13  25 
19  03  16 
17  68  21 
17  40  16 
17  S7  GO 

17  31  28 
17  16  13 
16  49  10 
16  19  37 
16  39  09 


16  4 


41 


16  44  68 
16  62  17 
16  00  36 

14  17  44 
13  55  15 
13  34  20 
13  28  60 
13  20  00 
13  17  09 
12  27  64 
11  14  45 
II  03  10 
10  36  46 
9  43  45 
8  10  13 
8  04  30 
7  43  32 

7  24  20 
5  32  67 

8  57  06 
8  47  45 

7  27  40 
4  03  00 

8  39  00 
8  64  30 
8  56  32 
8  12  30 
8  28  50 


109  57  17  . 

109  40  48  . 

109  17  30  . 

109  10  23  . 
108  49  00  . 

108  23  37  . 
107  69  37 
106  26  47 
106  44  25  . 
106  18  40 
106  33  14  . 
106  33  37  . 

105  le  00  . 

106  39  21  . 
105  OS  64 

110  49  22  . 
110  56  53  . 
112  04  07  . 
114  44  17  . 

109  13  00  . 
104  43  26  . 
104  19  GO 
102  07  06  . 
101  40  26  . 
101  33  23 

101  27  14  . 

101  04  32  . 

99  55  50  . 

98  35  06  . 

96  30  43  . 

96  15  04  . 

96  OS  10  . 

95  46  43  . 

95  12  16  . 

91  55  36 
90  49  45 
80  60  26 

80  19  20 
87  51  00 
87  47  06  . 
87  12  31 

85  63  00 

86  43  38 
86  42  46 
86  00  46  . 
82  14  32 
SI  43  30  . 

81  31  58 
81  41  61  . 
86  59  17  . 
79  32  09 
79  33  10 
79  60  25 
81  36  00  . 
79  41  46 
79  31  16  , 
79  07  65 
78  64  40 
78  06  36  . 


2  61 
"262"  ' 


254 


902 
902 
9  08 


906 
9  12 
902 

8  68 


3  30 

*3*06* ' 
300 


r>' Google 


Fa^  898]  APPENDIX  IV. 

MARITIME  POSITIONS  AND  TIDAL  DATA. 
WEST  INSU.  IBIJUn>8. 


Mein(«7  Bock:  Center 

Bahuna  Island:  W.  pt 

Abaco  Island:  Lightnouae 

Little  Guana  Cajr:  Li^thouse 

Walker  Cay:  Highest  part 

Oraat  Isac  Cay:  Lig^thouae 

OunOay:  Lldithouse 

Ginger  Cay:  Centec 

Cay  Lobos:  LbhIliouBe 

St  Domingo <&y:  Center... 

Cay  Verde:  Hill  at  8.  end 

Bagged  Island:  Gun  Pt 

Nairn  Clay:  E.  pt 

Nune  Chaimel  Oay:  fieacon 

Long  Island:  S.  pt 

Great  ExamalB&nd:  Beacon 

Clarence  Hatbcx:  Li^thouae 

Eleuthera  Island:  ughtbouae 

Boyal  Island:  Eastern  IW 

Naanu:  Li^Utonae 

Androe  Isluid:  Lightbouae 

Great  Stitiup  Cay:  Liriithouae 

Little  Stirrup  Cay:  WTend 

San  Salndw  (Cat  I.):  Jjg^thouae 

ConcepdoD  luand:  W.  bay 

WatUw  Island:  Hinchinbroke  Rock 

RumOay:  Harbor  Pt 

Castle  Island:  Mriithonae 

Fortone  Island:  6.  end 

Crooked  Island:  UoasflagataB 

Bird  Isluid:  Lidithouse 

SamanaCay:  W.pt 

Plana  Cay:  Nff.pt 

Mariguana  Island:  8E.  pt 

HogetyRoef:  NW.  Cay 

Inuna  Island:  Lighthoitfle 

LitUe  Ini^ua  Island:  NW.  pt 

W.  CaicoeCsy:  Hill,  SB.  end 

French  Cay:  W.  pt 

Fort  George  Cay:  Old  magacine 

Cnicoa  Island:  Panons  Ft.,  S.  islet 

Turk  Island:  Lighthouse 

SouareHandk^chietBank:  NE.  breaker. 

Silver  Bank:  E.  extreme 

Navidad  Bank:  Center  of  E.  side 

CapeUaysi:  Lighthouse 

PortBaracoa:  Lighthouae 

PortCayoMoa:  Carenero  Pt 

NipeBay:  Extremity  ot  Carenero  Pt 

Luctecia  Point:  Lighthouae 

Port  Sama:  E.  Bide  ot  entranre 

PeakofSama:  Sutniuit,  88S  feet 

Port  Naranjo:  E.  side  of  entrance 

Gibata:  Lighthouse 

Port  Padre:  GuinchosPt 

PortNuevitas:  NW.comer  R.R. station. 

Matemilloe  Point:  LighthouBe 

Cay  Veide:  NW.  eniL 

CayConfitee:  S.  pt *... 

Paredon  Gmnde  Cay:  Lighthouse 

San  Fernando:  NW.  comer  Old  Spanish 

PortNo.l 

Cayo  Frances;  Lighthouse 


26  Se  53 
26  41  18 
26  61  30 

26  31  10 

27  15  42 
26  02  00 
26  34  30 
22  46  10 
22  22  30 

21  42  00 

22  01  16 
22  14  02 
22  20  44 
22  31  16 

22  61  00 

23  32  16 


26  31  20 
28  06  37 

24  43  46 

25  49  40 
25  40  12 
24  06  16 
23  50  f" 
23  66  4 
23  37  45 
22  06  40 
22  32  40 
22  47  SO 

22  51  00 

23  06  30 
22  34  38 
22  16  30 
21  40  30 

20  66  00 

21  30  40 
21  37  30 
21  30  00 
21  54  00 
21  29  33 
21  30  56 
21  06  30 
20  35  00 
20  02  00 

20  15  00 
20  21  46 
20  41  41 

20  47  19 
2L04  24 

21  00  00 
21  07  00 
21  07  30 
21  07  15 
21  18  30 
21  32  44 

21  40  02 

22  OS  46 
22  n  14 


79  06  54 

79  00  3S  . 

77  10  46  , 

76  57  36  . 

78  23  48  . 

79  06  00  . 
79  18  26 
78  06  02  . 

77  34  26  . 
76  44  39  . 
76  10  34  . 

75  45  17  . 

76  28  20  . 
76  61  41  . 

74  61  64  . 

75  46  24  . 
74  69  00 

70  13  00 

76  61  48  . 

77  21  68 
77  46  45 
77  53  66  . 
7T67  06  . 
74  26  00 
76  07  27  . 
74  28  20  . 
74  60  08  . 
74  20  37  . 
74  22  64  . 
74  20  21  . 
74  22  48  . 
73  49  IS  . 
73  38  03  . 

72  47  03 

73  60  29  . 
73  40  17 

73  42  33  . 
72  28  18  . 
72  12  61  , 
72  07  14  . 

71  31  12  . 
71  07  29 
70  2»  64  . 
69  21  24  . 
«8  47  24  . 

74  08  01 
74  29  13  . 

74  53  44  . 
76  34  21  . 

75  36  69  . 
75  47  18  . 
75  47  40  . 

75  52  18  . 

76  06  27 

76  35  34  . 

77  15  18 
77  08  04  . 
77  37  33  . 


22  2 


10 
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APPENDIX  IV.                                    [F»ff«  893 
UABTnME  FOSmOfiS  AND  TIDAL  DATA. 
WXBT  INDIA  ISX.Un>S-CoiitmTied. 

i 

Vfm. 

Ut.N. 

Lont-W. 

Lou.  Int. 

^    1 

H.W. 

L.W. 

BPC- 

H«p. 

i 

I 

Ia»b«Ua  de  Sainu:  SE.  oomerofdiaicb  .. 
Ciy  6»1- Li^houBe 

22  66  30 

23  66  30 
23  12  34 
23  M  10 
23  02  43 
23  0154 
23  0ft2e 

23  09  04 
23  09  11 

22  69  11 

23  00  00 
22  29  32 
21  62  01 

21  63  65 

22  14  36 

21  66  00 
2136  30 

22  41  09 
2167  46 
22  0149 
22  06  36 
22  00  62 
214S  16 
2187  24 
20  42  23 
20  20  26 
20  02  66 
19  SO  32 
19  63  31 
19  66  67 
19  67  29 
19  64  42 
19  63  04 
19  67  00 

19  64  08 

20  0101 
19  46  15 
19  39  10 
19  17  46 

18  33  00 

17  66  05 

18  11  31 
18  23  00 
18  26  24 
18  30  84 
18' 29  26 
18  27  45 
18  12  20 
17  65  56 
17  66  66 

17  26  30 

17  06  20 
16  63  00 

18  35  62 

19  12  29 
19  22  12 
19  48  61 
19  64  00 
19  46  20 
19  46  19 

80  00  32 

80  27  51 
60  29  26 
8107  20 

81  12  02 
8143  18 

82  21  29 

82  20  38 

82  21  01 

83  09  13 
63  13  00 

84  14  17 
84  67  09 
84  66  16 
83  34  24 
83  31  16 
83  09  13 
82  17  42 
8107  16 
80  26  32 
80  27  06 
S0  27U 
79  58  58 
78  51  13 
77  59  45 
77  07  33 
77  34-60 
77  43  33 

L   a. 

L     IB. 

ft- 

ft. 

Catdeii«:CrononCathednJ 

830 
818 

218 
166 

2.2 
1.3 

1.2 
0.7 

Tmneitpier,  Cm  Bhui'cft  6b- 

FlagBtaff,  Cabaliu  FV>rtnn. 

B«hia  HoBdj^SE.  comer  MoriUo  Port . — 

830 

2.18 

1.6 

a9 

SuFeliMCkn:  SW  pt  .    ... 

PiodniBaffi'LirfniiouBe 

4  47 

UOO 

2.0 

1.1 

Cfttbedni  tow«r. : : .'::::::: 

Fl«e8tofl,  Punto  Gwda- 

SuiUOaxdelSur:  Obaervatkm  pier 

Numeni:  Sugu  mm,  smAestack 

C»M  Cni»:-Lii[hthou9e 

ffi  Mott.  .^r^^lT. . . . :::::;:::;:::: 

"TiirivW;  Pbttw  "Tny 

RantHttft;  T.irht.hmiim 

75  62  03 

76  00  28 
75  09  28 

75  07  33 

76  03  08 

74  60  49 

79  46  07 

80  07  17 

81  23  17 

76  44  24 
76  11  08 

76  26  31 
78  64  22 

77  12  53 
77  39  52 

77  66  16 

78  10  52 
78  08  64 
76  60  36 

76  60  38 

75  68  20 

77  26  28 

78  39  04 

68  18  50 

69  19  23 

69  12  12 

70  4127 
7140  15 

71  46  40 

72  12  07 

820 

760 

280 
200 

2.2 
2.6 

LI 

L3 

LiRhthooM 

N?valStotionflR9>tafl. 
Portacondido:  Inner  EntrwicoPt 

Qiuu]Oftyman:FortOeotg«,W.«nd 

tl.3] 

Moimnt  Point:  Li«*tlionM 

11.1] 

[1.2J 

8t.Lacia:  Ptat 

FwtBoT^l:  FortCWlwr&agBlaff 

[LI] 

Pedro  Banlc:  PortkndRock,  E.  end 

900 

248 

3.0 

L5 

Port  Plate:  Lifththouse 

i 

660 

039 

6.6 

2."9 

I 

DioliiMbyGoOgle 


PiW.  S«4]                                 APPENDIX  IV. 

MABmHE  POSITIONS  AHD  TIDil.  DATA. 
WSST  DIDIA  ISLABDS-Coatiiiiud. 

t 

PkM. 

L*t.N. 

Lodt-W. 

L0ll.lBt 

-        1 

H.W. 

L.W. 

Bpf. 

N«j>. 

1 

r 
1 

i 
1 

Port  Psix:  Whftrf 

19  67  06 
19  «  15 
19  27  12 
18  66  00 
18  48  60 
18  33  31 
18  39  15 
IS  30  4S 
18  26  00 
IS  11  OS 
18  IS  26 
17  46  08 
17  36  66 
17  87  37 

17  28  22 

18  08  66 
18  12  13 
18  27  54 
18  11  67 

15  06  17 
18  12  37 
18  24  51 
18  28  23 
18  23  01 

17  57  10 

18  18  56 
18  06  64 

18  20  23 
18  18  08 
I8  2B04 
18  30  39 
18  46  11 
18  36  30 

17  46  09 

17  44  43 

18  35  37 
18  IB  42 
18  13  06 
18  04  07 
17  63  68 
17  39  10 
17  29  10 
17  18  12 
17  13  38 
17  07  62 
17  36  60 

17  00  00 
17  06  64 

16  56  18 
16  42  12 

15  59  50 

16  26  09 
16  11  67 
16  13  14 
16  13  66 
16  19  66 
16  10  17 
16K59 
16  5132 

72  60  00 

73  23  07 

72  43  62 

73  18  20 
72  39  13 

72  21  00 

74  06  62 
74  25  60 
76  01  67 

73  44  08 
72  30  46 
714106 
71  31  10 
71  41  10 
71  38  30 
7102  26 
70  32  63 
69  62  69 
68  46  41 

67  6050 
67  09  17 
67  09  42 
66  07  26 

65  37  07 

66  54  13 
66  13  40 
66  25  28 

64  66  47 
64  42  03 
64  36  47 
64  2148 
64  24  68 
64  10  46 

64  42  16 
64  41  14 
63  28  13 
63  16  00 
63  04  39 
63  05  46 

62  61  30 

63  15  18 
62  69  09 
62  43  14 
62  36  25 
62  37  29 
6149  64 

6146  07 
6166  11 
62  19  10 
62  13  24 
6144  09 
61  82  16 
6129  40 

6132  06 

6133  16 
6100  44 
6106  46 
61  19  16 
6186  66 

1.    m. 

k.     M. 

fl- 

ft- 

St.NichoIuHole:  Fort  George,  flagBtaff. . 

fl™«™T.1<in^-  W  pt 

[1.2] 

Jeremie:  Fort 

XmOayes:  Tourtorelle Bat'y 

Jacmel:  Wharf 

(2.6] 

RMt.  UUrJ\-  KW  p( 

aOinaji  Point  (Ckldera):  Extreme 

[2.2] 

Haysgues:  Uou^of  Mayagues  R 

70* 

200 

2.0 

1.0 

821 

220 

1.3 

0.9 

(kpe  San  Juan:  LSSithonae 

[1.2] 

[7  11] 

[13S 

[0  68] 

Vieqaea  (Cnb)  Island:  Pwt  Ferro  Ught. . 

St.  TbomaB-.  V<at  Chriatiui,  BW.  butioQ. . 
St.  John  Island;  Ram  Head 

An^AdarW.pt 

[1.6] 

St.  Christopher:  Basee^eire  Chuich 

Barbuda:  Flaeetafi,  Martello  Tower 

Antigua,  Engfleh  Harbor :  Flagstafl,  dock- 

[2.0] 

Sandy  hkud:  ii^hthouae 

Guadeloupe,  Baawterre :  Light  on  mast. . . 

Fnt  Louis:  Liehton  mart. . 

Goder  Islet:  IMkthouse. .. . 

HanrouxId.:L©»tlK)u«e... 

Point  «Pitra:JanyHiU.... 
Deairado:  B.  pt 

[1.3] 

Ibrie  GalanteTUghthouae 

SuntesIdaDda:  TowOTonOutmeauHUl.. 

ijGoogle 


APPENDIX  IV.                                    CPage  38S 

MABITIMB  POSITIONS  AND  TIDAL  DATA. 
WX8T  HTDIA  IBLAmtS-Contmued. 

i 

pip<». 

LM.N. 

Lcog-w. 

Loo.  lot. 

^    1 

H.W. 

L.W. 

Bpf. 

«-.. 

Dominicft,  Prince  Ruperta  Bay:    Sand 

beach  W.  ot  church 

Roseau:  Flagetafi,  Fort  Young 

16  34  34 

15  17  27 

16  42  00 

14  36  44 

14  43  64 
14  46  13 
14  23  23 
14  0164 

13  06  43 
13  02  46 
13  09  40 
13  09  19 
13  00  26 
12  03  02 
11  10  08 
11  26  02 
11  19  00 
10  59  43 

10  57  45 

11  47  57 
1166  16 

12  02  06 

11  69  80 

12  06  68 
12  08  15 
12  3106 

6128  14 
6123  62 
63  37  46 

6104  30 

61  1109 
60  63  20 
60  62  33 
6100  48 

60  37  16 

69  3160 

60  26  04 

61  14  34 
61  14  09 
6146  06 
60  42  38 
63  06  48 
63  36  00 
63  48  00 

66  26  38 
66  12  31 
66  39  10 
68  14  10 
68  39  19 
68  66  48 
68  56  17 

70  02  34 

t.    n. 
400 

k.     M. 

10  12 

1.5 

0.8 

Ifartimque,  Fort  de  France:    Fort  St. 

St.  Pierre:  8t«.  Maithe  Bat- 

CsavcJie  FeA.:  li^Uuiiue. 

Cabritldet:  Summit 

St.  Lucia,  Pwt  Castries:  lighthouae 

Barbados,  BridMlown:   Flagqtafi,  Rick- 

350 

10  02 

M 

0.6 

2», 

902 

3.0 

1.6 

St.  Vincent!KSp«towii:':^thc.u«e  ■."." 
Bequia  Uand,  Admiraltv  Bay:  Church. . 

Grenada:  St.  George  LJgbthotue 

'ft.baeo.BockyBay:lShthouBe 

TeetiKos  Islets:  Center  ol  Teetigo  Grande. 

2  50 

906 

1.6 

0.8 

230 
350 

842 
10  02 

L5 
2.1 

0.8 
LI 

PampatM.  Margarita  L :  San  Carlos  Castle . 
Tortugaa  WandTs.  end  ol  W.  TortngiUo 

Uttle  Curacao  Island:  Lighthouse 

CnracM  Island-  Fort  Nasna 

NOBTH  AHB  BAST  COASTS  OF  SOUTTH  AKEBICA.                                 1 

i 

i 

8  37  30 

9  24  00 
9  24  00 

10  26  60 
1100  15 
10  07  00 
U  15  28 
1133  30 
12  12  34 
12  23  09 

12  04  00 

10  67  30 
1148  56 
12  1100 
12  29  16 

11  27  56 

10  47  00 

11  10  00 
10  29  63 
10  36  67 
10  35  00 
10  34  06 
10  49  30 
10  13  30 
10  27  20 
10  40  00 
10  42  00 

76  62  66 
76  10  46 

75  48  00 

76  32  60 
74  57  65 
74  49  51 
74  14  33 
72  64  60 
72  00  42 
7146  42 

7107  66 
7137  00 
70  17  21 
70  04  66 
70  67  00 
69  34  20 
68  19  66 
68  22  64 
68  00  56 
66  66  06 
66  06  16 
66  04  13 
66  09  25 
64  44  00 
64  1183 
64  17  66 
63  60  26 

Fuerte  Island:  N.  extreme 

Msgdalena  River:  NW.  pt.  of  Gomez  I... 

Rio  de  la  Hacha"  Light  on  church 

Cape  La  Vela:  Sand  beach  ionde  cape. . . 

605 

11  17 

2.6 

L6 

Eetangnea  Point:  500  ft.  from  eitiMne.. . . 

UflViM  I.lota-  N   i.lat 

600 

12  12 

2.8 

L7 

w 


P»g»  8961  APPENDIX  IV. 

HARITIUE  POSITIONS  AND  TIDAL  DATA. 
NOBTH  AND  EAST  COASTS  07  BOtlTH  AKEBXOA— Continued. 


Esmen^da  Islet:  Ceotfir 

Campano:  LighthouBS 

Pt.  Hennan  Vagguec 

Puerto  Santo  Bay:  Sand  spit  S.  of  Hoiro. 

Tree  Puntaa  Cape:  Extreme 

Unue  Bay:  Obe.  spot,  200  yds.  S.  of  itom. 

Pena  Point:  Extreme 

Pato  Island:  E.pt 

HoctHnoco  Pt.:  Extreme 


Portof  Spain:  King's  Wharf  U^t 

Ghacachacare  Island:  Bocb  on  SW.  pt. 
Galera  Point:  NE.  extreme,  U^thouae.. 

IcMos  Point:  Lidifhouae 

San  Fernando:  neriiead 


Demeiwm:  Geo^town  lighthouse. . 

Nickerie  River:  Lighthonse 

Paramaribo:  Stone  stapa 

Haroni  Biver:  W.  lighthouse 

Salut  Islands:  Lighthouse 

Enfant  Perdu  Iilet:  Li^thouse 

Cayenne:  Lighthouse 

Oonnetable  Iilet:  Center 

Oariniare  Uonnt:  Summit. 


OnngeCape:  Extreme 

Haye  Mountain:  Summit.. 
North  Cape:  Extreme 


CapeUagottri:  Extreme 

Pwa:  Customhouse 

Atalaia  Point:  Lishthouoe 

Itacolomi  Point:  Li^tbouse.. 


Santa  Anna  Island:  Ligbth 

Tutoya:  Entrance 

Pa»nahiba  lUver:  Anuo^ao  Village. . 

Ceara:  Li^thouse.. 

JaguaribelUver:  Filotstation 

00^:  Village 

Cape  St.  Boaue:  Extreme 

Rio  Grande  oo  Norte:  Lighthouse 

Natal:  Cathedral. . 


Parahiba: 

Olinda:  Lighthouse, 

Pemambuco:  Picao  lighthouse 

Oape  St.  Augustine:  laghtkouse 

Tamandue:  Village 

Haceio:  Lighthouse 

San  Fnmcisco  Biver:  Lighthouae  at  en- 
tnnce 

Cotinguiba  River:  Lighthouse  at  entrance. 

Vaza  Barris  River:  Semaphore  at  en- 
trance  

Real  River:  Lighthouse 

Conde:  Village 

Garcia  d'Avila:  Tower 

Bahia;  Santo  Antonb  lifj^thouse 


Morro  de  SSo  Paulo:  '. 
Csmamu:  Village.. 
Contaa:  Church 


10  40C 
10  40  15 
10  42  00 
10  43  27 
10  45  00 
10  44  10 
10  43  48 
10  38  16 
8  30  26 


63  31  55  . 

63  18  00  . 

63  14  00  . 

63  00  43  . 

62  41  66  . 

63  44  20  . 

Qi  eoeo  . 

61  51  18  . 

eo  10  16  . 

61  3 

01  46  M  . 

60  64  10  . 

61  55  41  . 
61  28  12  . 


6  «  20 
6  68  30 
6  «  30 
6  44  G 
6  16  60 
6  02  40 
4  60  2 
4  40  3 


4  20  45 
2  46  30 
1  40  17 
LM.B. 

0  17  00 

1  26  6» 
036  03 

2  10  11 
2  31  48 
2  16  22 
2  41  66 

2  63  20 

3  42  05 

4  25  36 
6  08  15 

5  20  16 

5  45  06 
.6  46  41 

6  56  30 

7  06  35 

8  00  60 
8  OS  22 
8  20  45 
6  43  40 
»  39  36 


11  00  45 

11  27  40 

12  12  06 

12  33  40 

13  00  37 

12  62  48 

13  22  37 

13  66  42 

14  17  40 


6400  30  . 

62  34  63  . 

52  21  11  . 
62  20  26 

61  65  36  . 

61  60  36  . 

61  27  46  . 

60  64  46  . 

«  66  46  . 


47  20  64  . 
44  2S  66  . 
44  18  45 
43  87  30 
42  18  02 
41  40  35  . 

36  28  25 

37  44  65 
36  02  fi- 
96  16  62 
35  11  66  . 

35  12  43  . 
34  «30  . 
34  63  04  . 
34  60  36  . 
34  51  67 
34  66  05  . 
360606  . 

36  44  54 


37  12  36  . 

37  24  00  . 

37  46  46  . 

38  02  16  . 
38  32  06 
38  41  28  . 
38  54  3B 
30  07  06 
30  00  46  . 


0  50  !  8.6 

"iaoo  l'"o."6*" 


10  SO   6.0 


6  60 

6  35 
506 


038 
11  47 
11  17 


16.5 
13.1 
11.7 


10  32 
10  20 


r.'CoogIc 


APPENDIX  IV.  [flic*  W 

MABITIME  POTinONS  AITO  TIDAL  DATA. 
MOBIH  Am)  XA8T  00A8TB  OF  BODTE  AKBBIOA-Omtinned. 


Hhfloe:  Choich 

Olivenca:  Center  of  village 

Una:  Center  of  village 

Comandatuba:  Center  of  village 

fianlaCnu:  Church 

VortoSegan:  Matris Church 

Fiado:  luver  entrance 

Alcobaca:  Center  of  village 

Caraveilaa:  Center  of  village 

Abrolhoa  Island:  Lif^thouae 

PtnloAlesre:  Center  of  village 

Espiiitu  Santo  Bay:  Lij^Uiouse 

Qnanqnii  lalela:  £.  islet 

Benevente;  Village 

Itapemiiim:  Ifoacaa  lalet 

SAo  jfOo  da  Baiia:  LJ^lhouee 

Cape  St.  nxmrf:  Extreme 

Uacahj:  Frart  at  entrance 

Santa  Anna  laland:  Bununit. 

BanaSlo  J<Ao:  Ullage 

BusicM:  Church 

CapefUo:  Lighthoi»e 

Port  Frio:  ViltaBO 

Uarkaa  blanda:  8.  lalet 

Rio  de  Janeiro:  Fort  VillengDon  Li^t. . 
Natiraial  Obaovatory — 

Rasa  Island:  Tf^g^'^Vq"■' 

Petzomlia:  Center  of  town 

CapeGuaiatiba:  Sununit 

Uarambaya  laland:  Summit  of  SW.  end. . 

Uan^ialiba:  Village 

PalnwaBay:  Bea(£«tbeadof  bay 

Angra  doe  Reia:  TjwJiiig  pl^ce 

HhaOnade:  LigjUhouae 

Paratt:  Fort 

Ubatuba:  Cathedral ^ 

P<xcoa  Grande  Islet:  Sununit 

BiiakB lalete:  Summit. -, 

St.  Sebastian  Island:  BoiPt.l^t 

Villa  Nova  da  Princeaaa:  Center 

Santos:  Moela  I.  li^tlunue 

Alcatnsea  Idaiiid ;  Smnmiti  SBO  ft 

CcBiceicSo:  Church 

QnemadaGtandelsland:  Summit,  623  ft. 

teuape:  Quay 

Bom  Abivo  Islet:  Li^thouse 

nhadoUel;  Lighthouse 

Panuugua:  Quay 

Antraiina:  Quay 

Coral  lalet:  Center 

Itacolond  Islet:  Center 

BOo  Fianciaco;  Center  of  town 

Itapacaioya:  Church 

Cambria:  diurcb 

AjrvtMedoIaland:  Liffhthouae 

Anhatomirim:  Lightnouae 

Sta.  Catherina  Island;  RapaPt 

Naubagadoe  light. 

Nossa  Senhora  do  Deserto:  Quay 

Coral  laland:  Summit,  230  feet 

Cape  St.  Martha:  Li^thouse 

Torres  Point:  ExtiMne 

RioGnuidedoSul:  Lighthouse 


14  47  40 

14  66  40 

15  13  27 

16  21  00 
la  17  20 

16  25  38 

17  21  r 
17  31  46 
17  «S 

17  67  31 

18  OS  15 
20  19  23 
20  38  2~ 
20  490 

20  67  36 

21  38  40 

22  02  DO 
22  23  46 
22  26  00 
22  37  00 

22  46  00 

23  00-_ 

22  63  15 

23  01  43 
22  64  46 

22  54  24 

23  03  40 

22  32  00 

23  03  40 
23  04  20 

22  57  20 

23  09  20 
23  00  30 
23  09  GO 
23  12  20 
23  25  66 
23  32  57 
23  46  16 
23  6S  30 

23  47  20 

24  03  06 

23  66  00 

24  06  30 
24  10  32 
24  28  45 

24  42  35 

25  06  40 

25  30  56 

26  31  20 
25  26  30 
25  44  10 

25  60  16 

26  14  17 

26  4S45 

27  01  36 
27  18  00 
27  25  30 
27  22  66 
27  60  27 
27  36  00 
27  66  40 


39  01  45  . 

39  01  15  . 

39  16  46  . 
39  02  05 

39  04  15  . 

39  13  15  . 

39  12  00  . 

39  14  36 
38  41  46 
30  31  16  . 

40  16  36 
40  23  46  . 
40  40  45 

40  46  36  . 

41  02  21  . 

40  69  00  . 

41  47  36 
41  43  16  . 
41  69  46  . 

41  64  06  . 

42  00  00  . 
42  01  16 

42  5«  06  . 

43  09  IB 
43  10  21  . 
43  08  45  . 
43  11  01  . 
43  S3  24  . 

43  69  26  . 

44  02  29  . 
44  08  24  . 
44  19  04  . 
44  05  45  . 

44  42  04 
46  04  04  . 

45  03  50  . 

46  00  39  . 
45  15  20  . 

45  21  04  . 

46  16  67  . 
46  10  09 

45  40  49  . 

46  47  44  . 

46  41  04  . 

47  32  64  . 

47  61  60  . 

48  10  53  . 
48  31  03 
48  43  14  . 
48  23  14  . 
48  26  51  . 
48  39  20  . 
48  36  69  . 
48  36  44  . 
48  22  20  . 
48  34  25  . 
48  26  09 
48  3516  . 
48  34  14  . 
48  33  44  . 

48  40  45  . 

49  43  39  . 
62  07  44 
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Page  S8S]  APPENDIX  IV. 

UAIUTIHE  POSITIONS  AND  TIDAL  DATA. 
NOBTB  AND  XA8T  OOA8T8  OP  BOVTB  AMEBUIA— Contimied. 


H.  W.         L,  W. 


CutUlos:  Beuiut  Viats  Hill,  164  feet 34  21  19 

Cftpe  Soola  Mari&:  LighthouTC 34  40  01 

Loboalalutd:  Center 35  0139 

MaldoDAdo:  LightfaouBe 34  6S  15 

Floree  liland:  LuihthouBe 34  56  &5 

Uontevideo:  Catbednl,  SE.  tower 34  64  33 

Colonia:  Lighthouse....' 34  2S  20 

Uartia  Gucia  Idsnd:  Lighthouee 34  10  50 

Buenoe  Ayree:  Cupola  of  ciutomhoiue 34  36  30 

La  Plata:  Xational  UniveiBity  Obey 34  54  30 

IndioPoiDt:  LighUiouBe 35  15  45 

Piedras  Point:  Extreme 35  26  50 

Cape  Sao  Antonio:  Lizhthouse 36  18  24 

UadansB  Point:  Ligh^uee 36  53  00 

Cape  CoiTieut«e:  E.  summit 3S  05  30 

Port  Belgiana:  Anchor^tock  Hill 38  57  00 

ArgcDtina:  Fort 38  43  50 

ubyrkth  Ee*d:  Summit 39  26  30 

Union  Bay:  Indian  Head 39  57  30 

SanBlaaHarbor:  SW.endotHoglBlet...  40  32  62 

San  Bias  Bay:  Summit  of  Rubia  Pt 40  36  10 

RioNe«ro:  Main  Pt 41  02  00 

BeimejaBead:  E.  summit 411100 

PortSanAnbmio:  Point  ViUuino 40  49  00 

San  Antonio  Siena:  Summit 41  41  10 

Port  Ban  Jose:  San  Quiroga  Pt 43  14  15 

Delmdo  Point:  SE.  cliff 42  46  15 

Cracker  Bay:  Anchocage 42  57  00 

PortHadryn:  AnchorageoScavebluff...  42  45  40 

Chupat  Bivtf :  Entrance 43  20  45 

PortSt.  Elena:  St.  Elena  pen 44  30  40' 

Leonesliland:  SE.mmunit 45  04  00 

UeloPort:  W.  pt 45  03  00 

PortMalaspina:  S.  pt 45  10  10 

Cape  Three  Pointe:  NE.  pitch 47  06  20 

Port  Desire:  Largest  ruin 47  45  05 

8oa  Bear  Bay:  WeUs  Pt |  47  57  15 

pOTtSaa  Julian:  ShollPt I  49  15  20 

Port  Santa  Cruz:  Mount  at  entrance I  50  08  30 

Coy  Inlet:  Heights.  Bide  of  entrance....  50  58  27 

GaJleooB  River:  Observation  mound 51  33  21 

Cape  Virgins:  SE.  extreme 52  18  35 

Cape  Ban  Diego.  Extreme 54  40  35 

Staten  leland,  Cape    St.    John:    Light- 

houso.W.pt 54  43  24 

Port    Cork:    Observation 

m&rk.summit 54  45  16 

Oape    St.    Bartholomew: 

Middlept 54  63  45 

Good  SucccM  Bay:  a.  end  of  beach 54  48  02 

Lennox  Cove:  Bluft.N. end  ofbeach....  65  17  00 

OoreeRoad:  GuanacoPt 66  19  00 

Wollaston  Island:  Middle  Cove 66  36  30 

Bameveldt  Islands:  Center 66  48  64 

Cape  Horn:  South  summit,  500  ft 66  68  41- 

Eomite  Island:  St.  Martin  CoTe 66  6120 

FalseOapeHom:  S.extienM 56  43  15 

IldefoDoa  Islands:  Hisbeet  summit 66  62  30 

Diego BamireB Island:  Hig^test summit..  66  28  60 

YoikliiDMer  Rock:  Summit,  600  ft 56  24  60 

Cape  Desolation:  S.  summit 54  46  40 

Mount  Bkyring:  Summit,  3,000  ft. 64  24  46 


63  47  16 
64O0  14  . 

64  53  16  . 
64  67  10  . 

55  65  04  . 

66  12  15 

67  62  27 

68  15  40 
58  22  14 
57  54  15 
67  10  45 
57  05  28 

66  44  15 

56  38  64 

67  30  01 

61  59  15 

62  15  27 
62  03  22 
62  07  46 
62  09  3 
62  10  12 

62  45  11 

63  06  16 

64  64  41 

65  12  29 
64  27  56 

63  37  16  . 

64  28  ! 

64  69C 

65  03  S 
65  22  10 
65  36  01 

65  52  30 

66  32  36 
65  51  46 
65  54  45 
65  46  40 

67  42  30 
6S  23  00 

69  09  47 
69  00  31 

68  22  12 
65  06  6" 

63  47  C 

64  03  00  . 


66  43  48  . 

67  16  15  . 

67  34  00 

68  04  40  . 

69  17  30  . 
68  41  30 

70  01  30  . 

71  36  10  . 

72  10  20  . 


10  60 
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'its' ' 


6  12 

'"'423' 
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2  47 
2  28 
2  06 
10  33 

10  32 
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APPENDIX  IV. 

UABITIHE  POSITIONS  AND  TIDAL  DATA. 

VBST  COAST  OF  SOUTH  A3CSBI0A. 


{F»g«  S89 


Noirlsluid:  SE.  extreme 

LttadiaU Isluid:  SuminitofCapeliiDUii. 

C>pe  Deeondo:  Peeked  ffumnut 

Apostle  Bocks:  W.  tocka 

C»pePillM:N.clifl... 

Dooseneaa  Point:  Lightbouae 

0      "    ■  •    TMitorME.clifl 

It;  NE.  extrame 

a:  Lighthoiiae 


at:  W.  extfeme 

ad:  NE.  bluff 

Lighthouae 

itine :  Bummit,  at  exbeme  - 

Port  Famine:  Obeervfttory 

Cape  San  Isidro:  Extreme 

Cape  Froward:  Summit  of  bluS 

Mount  Fond:  Summit 

Port  Gallant:  Wigwam  Pt 

CharlEia  Island:  White  rocknearNW.end. 

Rupert laUnd:  Summit 

UuaaelBay:  Entrance 

Tilly  Bay:  Sarah  I 

BoijaBay:  Bluff  on  W.  shore 

Cape  Quod:  Ezbeme 

Barcelo  Bay;  Entrance 

Swallow  Bay:  Shag  I 

Cape  Notch:  Extreme 

Flaya  Parda  Cove:  Summit  of  Shelter  I., 

Pollard  Cove:  Entrance 

FortAngoato:  Hay  Ft 

St.  Anne  Island:  Central  summit 

Half  Port  Bay:  Point 

Uprjriit  Port;  Entrance , 

Port  Tamar:  Mouat  Islet 

Port  Churruca:  Summit  of  Blanca  Pen. . 
Valentine  Harbor:  Observation  mount... 

Cape  Parker;  W.  oummit 

Mercy  Harbor:  Summit  of  Battle  I 

Mayne  Harbor:  Observation  spot 

Port  Gtappler:  Observation  spot 

FortRiofno:  Vitalial 

Eden  Harbor:  Obser^^tkin  spot 

Halt  Bay:  Observation  islet 

Westminster  Hall  Islet:  E.  mimmit 

EvanKelistaB Island:  Lighthouse 

Cape  Victory;  Ex^me , 

Cape  Isabel:  W.  extreme 

Cape  Santiago:  Summit 

Molyneux  Sound:  Romalo  I 

Cape  Ires  Puntae:  Summit,  2,000  ft 

Port  Henry:  Observation  spot 

Moimt  Corso:  SW.  summit 

Bock  of  Dundee:  Summit 

Santa  Barbara  Port:  N.  extreme  obs.pt. 
Guaineco  Islands:  Speedwell  Bay,  hill, 

NB.pt 

Port'Otway;  Obeervation  spot 

Cape  Tree  Mon tee:  Extreme 

Cape  Raper;  Bock  close  to  cape 

ChnstmaeCovo:  SE.  extreme 

Hellyer  Rocks:  Middle 


M  30C 
63  18  30 
62  56  30 
62  46  15 
62  42  60 
62  23  66 

52  39  00 
62  32  00 
62  17  64 
62  28  40 
62  28  00 
l!»!38  18 
62  46  20 

62  40  IS 

53  10  10 

63  33  r 
18  12 

53  47  00 
63  63  43 
63  51  45 
63  41  46 
63  43  67 
63  42  00 
63  37  10 
63  34  r 
63  31  45 
63  32  10 
"  10  50 
63  30  06 
"  26  00 
53  18  46 
63  16  30 
63  13  40 
"06  SO 
63  1140 
63  06  36 

62  55  • 

63  0100 
52  55  00 
62  42  00 
62  44  68 

61  18  29 
49  25 
49  12  40 

49  07  30 

48  54  20 

62  37  18 
62  24  00 
62  le  10 
51  61  i 

50  42  00 
60  17  20 
60  02  00 
50  00  18 

49  48  00 
48  06  15 
48  02  20 

47  39  30 
46  49  31 
46  58  57 
46  49  10 
46  35  00 
46  04  00 


73  00  00 

74  18  16 
74  36  30  . 
74  46  60  . 
74  42  20 
68  25  46 
68  34  00 
68  45  20 

68  67  10 

69  24  00  . 

69  33  00 

70  14  16 
70  25  25  . 
70  37  61 
70  51  24 
70  34  27  . 
70  68  31 

70  66  03 

71  17  15 
71  66  SO  . 

71  59  41 

72  04  45  . 

72  10  42  . 

73  19  30  . 
72  27  10  . 
72  34  15 
72  32  26  . 
72  38  00  . 
72  47  30 

72  47  66  . 

73  00  30 
73  12  06  . 
73  21  30 
73  16  30  . 
73  17  46  . 
73  16  15  . 
73  44  28 

73  69  33  ■ 

74  17  45  . 
74  13  30  . 
74  38  14  . 
74  04  00  . 
74  17  39  . 
74  23  27  . 
74  25  10  . 
74  20  65  . 

74  23  10  . 

75  06  00 

74  66  00  . 

75  13  20  . 

75  27  46  . 

74  61  30  . 

76  22  00  . 
76  13  20 
76  34  00  . 
76  40  30  . 
76  28  20 

76  10  00  . 

75  18  20 

76  25  30  . 
76  37  66  , 

75  31  30  . 

76  12  00  . 
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2  07 
2  08 
2  12 
2  26 
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Fftg«  SCO]  iLFPENDIX  IV. 

UABITIHE  POSITIONS  ANP  TIDAL  DATA. 
«X«T  OOAST  OF  BODTK  AJOmOA— Otottmed. 


G^>eT*ytaoT  W.  extreme 45  63  20  76  06  00        0  00        6  13 

SocMTOlakiid:  B.  extreme 44  66  SO  75  06  46   . 

Hayoe  Mountain:  Summit,  2,080  ft 44  09  00  74  07  46   . 

Port  Low:  Huwamecl.,  S.  end 43  49  15  74  00  30        0  16        0  10. 

Guafolaland:  8.  exDwae 43  43  06  74  42  15 

Port  8u  Pedro:  Cove  on  8.  diore 43  19  30  73  42  25   . 

Cftpe  Quibjt:  SW.  exbeme 43  10  26  74  24  16   . 

Corcovftdo  Volcano:  Summit,  7,527  ft. ...  43  11  30  72  48  30   . 
Hinchinmkdivft   Volcano:    8.   eaminit, 

8,000feet 42  46  46  72  3126   . 

Outro:  Extreme  ol  point 42  29  15  73  46  06 

Dalctthue:  Chapel 42  22  46  73  38  10    . 

Comau  Inlet:  Bono  Comaa 42  1116  72  36  66   . 

PortMontt:  Lt.  onendofpier 4128  36  72  56  16 

PortCalbuco:  LaPicnta 41  46  20  73  07  65 

Ancud:  Ahui  Pt.  IMit 4149  63  73  5112 

CondOT  Cove:  L*n<ffl« 40  46  19  73  61  00   . 

RanuCove:  Andionge 40  43  18  73  49  60   . 

Uuitcalpue  Gove:  Landing  place 40  36  62  73  46  00   . 

Hilagio  Cove:  Landingjplace 40  2104  73  46  20   . 

Lanidinapi  Cove:  Landing  place 40  1147  73  4160        0  00 

VaUivia:  NiebUFortU^ 39  61  37  73  26  26       10  25 

Quenle  Bay:  Ctuvos  Pt 30  23  00  73  14  00       10  18 

UodiaUand:  Lif^thouse 38  21  22  73  58  06       10  20 

L«bu  River:  Tucapel  Head 37  36  20  73  30  55       10  15 

Yafiei  Port:  Anchoi^e 37  22  30  73  40  00       10  10 

Lota:  Li^thouie 37  06  20  73  11  13       10  05 

SanU  Uaria  Island :  LiglitlioUM 36  69  07  73  32  30       10  10 

Talcahnano:  FortGalvea 36  42  00  73  07  27       10  0* 

Linton  Quinquina  1 36  36  46  73  02  49       10  06 

Llico:  Village 34  46  02  72  06  12        9  67 

Port  San  Antonio:  Village 33  34  13  7138  00        9  44 

Aconcagua  Mountain:  Summit 33  38  30  69  56  30   . 

Santiago:  ObBervatory 33  26  42  70  4132   . 

Valpaniao:  FUya  Ancba  Pt.  li^t 33  0108  7138  62 

Site  of  old  Fort  Sao  Antonio..  33  0152  71  38  42   . 

Quinlero  Point:  Sumi^it 32  46  00  7132  66 

Pichidangui:  SE.  pt.  of  island 32  07  66  71  33  22 

Tablaa  Point:  SW.  extreme 315146  71  34  bl 

Chuapa  River:  S.  entrance  pt 3139  30  71  35  20   . 

HaitcnciUo  Cove:  N.  head 3117  06  7139  21    . 

Talinay  Mount:  Summit 30  50  45  71  39  00   . 

Letwua  de  Vaca:  Lighthouae 30  14  00  71  39  00   . 

Fort  ToQgoi:  Oba.  spot.  W.  of  vill^e 30  16  14  713109 

Coquimbo:  Tortuga  Pt.  Ittht 29  56  16  712100 

SmelUng  works,  N.  of  town..  29  66  24  71  21  53    . 

N. islet 28  56  10  7122  21    . 

I^iaroe  Islets:  Li^thouse 29  34  40  71  33  20   . 

CboTosIslands:  SW.pt.oflaigefitislaiid..  29  16  45  71  34  38    . 

ChafiaiallBland:  Lighthouse 29  00  60  71  36  40    . 

Huasco:  Liditonmole 28  27  20  7116  46 

HenadnradeOamzal:  landing  place...  28  06  46  7112  48 

Port  Cairizal:  Middle  Point 28  04  30  71  11  32    . 

Matamoraa  Cove:  Outer  pt.  8.  aide ..  27  54  10  7109  38   . 

Salado  Bay:  Summit  of  CachoePt 27  39  20  71  03  26   . 

Copiapo:  Landing  place..... 27  20  00  70  58  45 

Caldeia:  Lighthouse 27  03  16  70  62  64 

LiAt  on  mole  head 27  03  15  70  63  46   . 

Cabeza de^ca Point:  Extreme 26  5105  70  51  55   . 

Flamenco:  SE.  comer  of  bay 26  34  30  70  44  26 

Chafiaral  Bay:  Obeervation  pt 26  20  00  70  37  25 

St.Felizl.:Pet«boiou^OathedralRock  26  16  12  80  11  43   . 

Fan  deAzucar  Island:  Summit 26  00  16  70  43  67   . 


507 
402 
3  55 
3  50 
3  66 
3  61 
3  63 
348 
3  34 


3  26 
3  20 
3  16 
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APPENDIX  IV. 

ICASmUE  POSITIONS  AND  TIDAL  DATA. 

[Pk«>oi 

1 

Pka*. 

LM.S. 

Lodl-W. 

Lmt. 

Int. 

But» 

H.W. 

L.W. 

8pe. 

Ni«. 

1 

! 

25  39  30 

25  3100 

26  25  20 
25  07  00 
25  05  25 
24  34  30 
24  15  00 
23  53  00 
23  38  50 
23  33  05 
23  2g30 
23  2«42 
23  06  30 
22  34  00 
22  06  00 
21  55  50 
21  28  00 
2106  30 
20  67  40 
20  5105 
20  12  30 
19  06  01 
19  36  30 
19  19  00 
18  46  40 
18  28  43 
17  58  35 

17  42  00 
17  37  00 
17  0100 
17  00  00 

10  42  20 
16  23  50 
16  13  30 
15  48  00 
15  33  15 
15  20  56 
14  57  00 
14  4100 
14  00  50 
13  50  00 
13  48  00 
13  45  00 
13  3S  20 
13  0100 
12  48  00 
12  31  00 
12  11  30 
12  04  03 
12  08  15 

11  47  10 
11  27  10 
10  49  46 
10  06  15 

9  38  36 
9  15  30 
904  40 
846  30 
8  34  60 
805  40 
742  40 
723  40 

70  44  03 

70  41  18 
70  34  10 
70  30  16 
70  29  50 
70  30  29 
70  33  00 
70  32  28 
70  26  18 
70  26  55 
70  34  66 
70  37  11 
70  3130 
70  17  42 
70  13  40 
70  11  17 
70  02  46 
TO  12  12 
70  10  26 
70  14  40 
70  11  20 
70  10  30 
70  15  21 
70  17  50 
70  2150 
70  20  00 

70  62  31 

71  22  81 

71  20  01 

72  02  53 
72  07  16 

72  27  16 

73  16  41 

73  41  31 

74  27  16 

74  51  01 
76  09  36 

75  30  46 

76  49  56 
76  16  36 
76  27  31 
76  18  31 
76  10  00 
76  24  15 
76  3106 
76  38  11 

76  48  66 

77  02  31 
77  15  44 
77  14  46 
77  16  11 
77  60  04 

77  43  42 

78  10  02 
78  21  S3 
78  30  03 
78  36  57 
78  46  16 

78  66  63 

79  06  46 
79  28  00 
79  33  16 

«10 

2  67 

f. 

ft 

fl.nP-J™P™„..  fir,™™?* 

020 
935 
030 

307 
322 
3  17 

4.0 
5.0 
4.9 

2.6 
2.6 
2.6 

Cobra Bkv:  Ft.  W. of  viUwe.  ... 

905 

262 

4.7 

2.4 

S:5JsX?^8±r'^'' 

CcmAitiition  Cove:  Shingle pt.  of  uknd.. 
Mexillones  Uount:  ftiinS^HT 

»35 
944 
8  55 

322 
3  31 
242 

3.9 
4.0 
4.8 

2.0 
2.0 
2.4 

Sui  FnndscoHewl:  W.  pitch     . 

I4)ft  River:  HoDlh. 

900 

2  47 

4.9 

2.5 

FhbeUoi  de  Pica:  Bammit 

836 

222 

6.0 

2.5 

HexiU<mB«v:  Iad^uf  place 

Pmwiu:  PSchalo  Pt  wctt«me 

832 

220 

5.0 

2.5 

7  49 

1  37 

6.6 

2.8 

766 

1  43 

5.3 

2.7 

7  39 

1  27 

6.2 

ai 

Lomas:  Flagstaff  on  pt 

San  Juan  Port:  Needle  Hammock 

6  47 

035 

3.9 

2.0 

Hcsa  de  DoCa  Maria:  Centnl  summit ... . 

au>  Gullan  leland:  N.  Buamit- 

6  16 

004 

3.  a 

1.9 

ChinchafelaiidB:  Boatelip,  E.ddeN.id.. 

6  47 

12  00 

3.5 

1.8 

Peecadores  Isl&nda:  Summit  of  largest 

Hiwrmey:  W.  end  of  sandy  beach 

508 

11  21 

2.1 

1.1 

4  50 

11  03 

2.0 

1.0 

Goanape  lalanda:  Summit  of  higheat 

4  19 

10  32 

2.1 

1.1 

Picaamayo:  Lighthouao 
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Page  801]                                 APPENDIX  IV. 

MABrmiE  POSITIONS  iND  TIDAL  BATA. 

t 

PlK*. 

L«t.  B. 

L<«,.w. 

LmLlnt. 

^    1 

H.W. 

L.W. 

Bpc. 

Hmv 

i 

i 
1 

i 

6H  W 
646  00 
6  46  46 
628  46 
6  66  30 
606  02 
440M 
4  16  40 
330  42 

3  10  40 
2  12  24 
244  30 
2  12  00 
1  16  66 
103  30 
0  66  SO 
036  26 
0  2130 

IM  N. 

0  60  10 
040  00 

1  03  30 
1  36  00 

1  49  36 

2  37  10 

2  68  10 

3  49  27 

4  17  06 
628  46 
6  41  19 
6  49  45 

79  61  SO 
70  67  66 

80  42  64 

80  51  66 
8100  19 
8107  17 

81  17  01 
81  12  01 
80  28  12 

80.26  29 
79  62  19 

79  53  45 

80  69  00 
8103  65 
80  56  65 
80  42  50 
80  26  24 
.80  80  37 

80  06  40 
80  07  56 

79  42  00 
79  03  30 
78  46  29 
78  24  24 
78  11  16 
77  11  45 
77  29  44 
77  33  28 
77  30  31 
77  40  66 

1.   >. 

404 

t.     M. 

10  17 

}.„ 

A 

Loboa d«  Afu«n  laUndiCove  od  E.  dde. . 
LoboadflTiem  bland:  Cemtnanunmit.. 

Fuinaa  Point:  Extieme 

Gape  BUnco:  Under  middle  ot  high  cUS. . 

OnaTaqnil  Biw:  Li^  on  Santa  Clara  I . 
Point'SanU Elena:  V^«idUa"li^V. '.'.'.'. 

400 
700 

10  13 
100 

10.0 
11.0 

6.1 
6.6 

300 

9  13 

7.9 

4.0 

Cape  Ban  lo^nzo:  Uarlinapike  Rock ... . 

3  10 

023 

7.8 

3.8 

3  16 

928 

9.9 

6.0 

Cape  San  F^andaco:  fiW.  extreme 

Manxes  Point:  S.  pt.  of  creek  entrance. . . 
Ti^ico-  S  pt  of  £1  Uono  I 

3  35 

9  48 

13.2 

7.1 

6  00 

12  13 

13.2 

7.1 

340 
330 

953 
0  43 

13.1 
13.3 

7.0 
7.2 

Cupica  Bay:  Entrance  to  Cupica  River. . 

IBLANDB  IN  TBB  ATLANTIC  OCEAN. 

Faroe  lalanda,  Strom  Idet;  Thoreliaven 

62  02  26 

62  18  20 
6123  00 
67  36  62 

39  40  07 
39  27  00 
38  32  09 
38  3146 
38  34  30 
38  26  00 

38  40  30 

39  06  24 

38  38  20 

37  44  16 
37  49  20 

36  66  00 

37  16  44 

643  08 

700  36 
6  45  30 
13  42  21 

3108  00 
3108  49 
28  34  00 
28  37  39 
28  44  00 
28  28  12 
28  13  00 
28  00  46 

27  IS  46 

25  40  40 

26  08  21 
26  10  00 
24  47  06 

Halder^Islet:    EbJde- 

Rockall  Islet:  Summit,  TO  feet 

Faya]  Channel:  N.  Magdalen  Rock 

Fayal  Island,  Horta:  Caatle  of  SanU  Cruz. 
Oaldeia:  Summit  3,361  ft. . . 

11  30 

5  18 

3.9 

1.8 

Graaoea  Wand:  Santo  Fort  light 

Terceira  Island:  Monte  del  Braril,  near 

020 

6  32 

4.4 

2.0 

St.^baellBland:  Cuetomhouse,  PodU 

Pt-Amelliiht 

Santo  Maria  Island:  Villa  do  Porto  light.. 

0  16 

627 

6.7 

2.6 

ijGoogle 


appendix:  rv. 
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Porto  S&nto  laluid:  Li^ttiDiiM 

DeserUB:  Ch»o  I^  Sail  Rock 

Hadeinlalaud:  Funch&t  Ikht 

Foia  I.  li^thouae 

Pico    Ruivo,    summit, 

6,068  ft 

P«w>(W.)Pt 

Salvage  Islands:  Li^utouse,  Gran  Sal- 
vage I 

Alegnnza  Island:  Dedgadft  Ft.  Ught 

Laiu«rote  IsUnd:  Port  Naoe  light. .. 


Gran  Canaria:  leleU  Pt.  light. 

Palmas  light 

TeneriffslBlaDd;  Anga  Pt.  light 

Santa  Cruz,  Br.  coa- 

Bulate 

Summit  oi  peak,  12^180 

GonwnldaiMl:  PortGomerB 

Feno  Island:  FortHierro 

I^lma  Island:  Light,  NE.  pt 


San  Antonio  Island:  BullFt.lbht 

Summit,  TMO  ft. . . 
St.  Vincent  Island :  Porto  Grande  light. . 

St.  Lucia  Island:  N.  pt 

Kasa  Island:  E.  pt 

St.  Nicholas  Island:  Ligfatlionse 

Sal  Island:  N.pt.liriit 

e.pt. , 

Boavvta  Ishmd:  NW.pt. 

NE.pt 

Lifdithouse 

Uajo  Island:  Eivlisn  Road 

St.  Ji«o  Island:  B«U  Pt.  light 

Porto  Piaya,  8.  light. . . . 

Pogo  Island:  N.  S.  da  Lus,  village 

Brava  Island:  Li^liiouse 


Hanuiton  Idand:  Gibbe  Hill  ligjit. . 
St.  Davids  Island:  Lighthouse 

St.  Pftul  Rocks:  Summit,  64  ft 


33  03  16 
32  35  46 
32  37  43 
32  43  14 


30  06  00 

2»  23  50 
28  67  24 
28  60  56 
28  45  25 
103  00 
28  10  42 
28  07  06 


28  IS  35 
"08  00 

27  46  30 

28  60  06 

17  06  50 
17  04  00 
16  63  14 
16  49  00 
16  38  00 
16  31  00 
16  50  50 
16  34  00 
16  13  20 
16  11  00 
16  09  10 

15  07  30 

16  18  06 
14  53  40 
14  53  00 
14  50  30 

32  19  22 
32  19  37 
32  15  06 
32  21  40 


Rocas  Reel:  NW.  sandy  islet 

Pcntando  Koronha:  The  Pyramid 

Ascension  Islarkd:  Fort  Thornton 

St.  Helena  Island :  Obs.  Udder  Hill . . 

Uaitin  Vaz  Bocks:  Largest  islet 

Trinidad  bland:  8E.  rrt 

iDacceasible  Island:  Cent« 

Tristan  da  Cunha  Islands:  NW.  pt.... 
Gongh  Island:  Penguin  Islet 


16  16  20 
16  33  30   . 
16  54  53 
16  38  31    . 


16  64  0 

13  29  31  . 
13  33  07 

13  52  05  . 

13  49  13  . 

14  31  35  . 
16  26  11 
16M66  . 
16  08  11  . 

1«  15  0» 

16  38  0_ 

17  06  65  . 
17  64  2 

17  47  0 

24  60  IS  . 
26  17  00  . 
24  59  SO 
24  47  0 
24  38  08  . 
24  16  00  . 
22  54  65  . 
22  56  42 
22  55  44  . 
22  42  0 

22  67  20  . 

23  12  42  . 
23  47  0 

23  31  46 

24  30  38  . 
24  40  00  . 

64  49  36 

64  49  IS  . 

64  49  40  . 

64  38  40  . 


3  61  30 
3  60  30 
7  55  20 
16  55  00 
0  27  42 
030  32 
37  19  C 
37  02  48 
40  19  11 


33  49  29 
32  26  29 
14  24  35 
6  43  03 

28  46  57 

29  14  56 
12  23  00  . 
11  18  3B 

9  56  11   . 


11  IB 
11  13 
11  30 
«  10 

9  48 
»  53 

"'5*46'  ' 
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MARITIME  POSITIONS  AND  TIDAL  DATA. 

1 

PiKe. 

LM.B. 

Lo«f.W. 

Lou.  Int. 

.».    1 

H.W. 

L.W. 

Spg. 

N.^.. 

11 
13 

51  21  26 
51  04  11 
51  32  20 
61  41  10 
51  40  40 

64  04  45 
63  48  00 

59  34  00 

65  57  00 

60  64  00 

60  04  62 
56  30  66 
58  08  04 

67  61  30 
67  41  48 

38  15  00 

43  25  00 
27  45  00 
26  33  00 

44  26  00 

h.    n. 
7  20 

k.   m. 
108 

ft. 

10.7 

ft- 
5.0 

Port  Louis:  FUgstaft,  govt,  touse 

5  31 

11  27 

43 

2.2 

Traverse  I.  volcuui. . . 

News.  Orkney IB.:  E.pt.LturieI 

E.  Bummit  Corona- 
tion I.,  6,397  ft-.. 
New  8.  Shetland  lalandB,  Deception  Is- 

:::::::: 

. 

Bouvetfl  laland  (Cireumcision):  Center. . . 

54  16  00 

Lone.  E, 
6  14  00 

' 

ATLANTIC  COAST  OF  XUSOPX. 

1 

LU.  N. 

51  28  38 

51  4&S4 

52  12  62 
51  22  28 
51  08  23 
60  54  47 
60  44  16 

60  46  36 
50  48  03 
60  53  46 
50  42  07 
60  39  42 
60  34  30 
60  31  10 
60  13  18 
60  20  02 
60  10  49 
60  08  30 

49  57  40 

50  02  44 
60  04  10 

49  53  33 

50  33  00 

51  04  00 
51  12  05 
51  27  24 
51  27  48 
51  36  60 
51  37  62 
51  41  00 

51  43  15 

52  24  20 

62  46  00 

63  18  30 
63  18  64 

"crVoti 

1  16  06 

0^6^41 
1  20  48 
1  22  22 
0  68  18 

0  13  00 

Long.W. 

1  05  15 
106  68 
124  00 
1  33  04 
1  85  25 

1  17  47 
227  30 
338  28 
4  09  27 

4  16  63 
6  01  00 
6  12  06 
6  39  18 
644  45 
6  20  38 

5  01  55 
4  12  30 
4  40  36 

2  35  55 

3  09  42 

3  66  00 

4  40  69 

6  10  30 

5  40  16 
4  06  40 
4  47  60 
4  42  00 
4  37  01 

1  10 

7  46 

l&S 

116 

11  24 
11  00 

10  35 

11  10 

663 
643 
423 
458 

1&6 
19.8 
2L5 
10.8 

a4 

10.0 
ILO 

lai 

1131 
035 
1106 

4  19 
648 
463 

13.2 
12.8 
12.2 

&7 

&2 

629 
526 
530 

009 
1138 
1133 

6.7 
14.9 
16.3 

LO 
&8 
7.0 

446 

10  68 

14  2 

&S 

Lands  End:  Longships  lighthouse 

4  16 

10  28 

15.9 

7.3 

645 
600 
700 
646 
645 
640 

6  41 
540 

7  26 
7  24 

11  68 
11  13 

0  48 
033 

11  58 
11  53 
11  64 
1163 

1  13 
1  12 

22.7 
26.9 
3L3 
36.2 
27.1 
26.3 
24  0 
20.9 
14.2 
14  9 

iL4 
13.5 

16.7 
18.1 
13.6 
12.7 
12.0 

ia6 

7.1 
7.6 

South  Stackr  Lighthouse  on  rocks 

Holyhead:  Lighthouse  on  old  pier 

10  00 

3  48 

16.8 

7.9 
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Skerriee  Rocks:  Liglitlioiise,  highest  I 

Bidstoue:  Lighthouse  on  hill 

Liverpool:  Hock  light 

Bideton  Observatory 

Morecambe  Bay:  Fleetwood  hig^  t^ht. . . 

Calf  of  Man:  Upper  lighthouae 

Isle  of  Mod:  AyrePt.ligfatholIM 

St.  Bees:  Lighthouse 

White  Haven:  W.  pierhead  light, 

Mullof  Galloway:  Lighthouse 

Ayr,  Firthof  Clyde:  Lighthouse,  N. side 

Troon:  Lighthouse,  inner  pier 

Ardronan:  8.  breakwnter  light 

Pladda  Island:  Lighthouse 

Glasgow:  Obeervaloiy 

Cantyre:  Lighthouse 

RhynnB  of  Islay:  Lighthouse 

Oban:  Lighthouse  on  N.  pier 

Skerryvore  Rocks:  Lightfiouae 

Barra  Head:  Lighthouse 

Glas  Island:  Li^thouse,  Scalpay  I 

Stomoway:  Amish  Pt.  Ijgfat 

Buttof  Lewis:  Lighthouse 

Cape  Wrath:  Ltehthouse 

DimnetHead:  Lighthouse 

Kirkwall  (Orkneys) :  New  pierhead  light. 

Startpoint  (Orkneys) :  Lighthouse 

North  Ronaldaay:  Lighthouse 

Fair  Isle  8kroo:  L^hthouse 

SumbutghHead:  Lighthouse 

Blackness    (Shetland     Is.):  Lightliouse 

Lerwick (Shetiand Is".):'  Fort.' l.-WMW. 
Hillawicknem  (Shetland  Is.):  B,  extremo. 
Balta  I.  (Shetland  Is^:  Cairn  on  E.  side. . 

Pentland  Skerries:  Upper  li^thousc 

Tarbertneas:  L^tbouse 

Buchannees:  Lighthouse 

Ab«rdeen(Girdlenen):  Lighthouse 

BuddonneH:  Upper  UghdiouM 

Bell  Rock:  Li^thouse. 

May  Island:  LighthouN 

Intm  Keith  Rock:  Li^thoosa 

Edinbui^:  Citv  obso-vatory 

Berwick:  Liditnouee 

Pam  Island :  NW.  lighthouse 

Coquet  Island:  L^hthouse 

Tysemouth:  Souter  Point  lightliouse 

North  Shields:  Lighthouse 

Sunderland:  N.  pier  light 

^rtlepool:  Lighthouse *. 

Plamborough:  New  lij^hthouse 

Humber    River:  Killmgholme    middle 
light 

Spurn  Head:  Upper  lighthouse 

Lowestoft:  Lvhthouse 

Ortordneas;  n.  %hthause 

Harwich:  Landguard  Pt.  light 


53  25  15 
53  24  02 
53  26  38 
53  24  05 

53  55  03 

54  03  14 
54  24  66 
54  30  50 
54  33  00 

54  38  10 

5B2»  10 

55  32  55 
55  38  27 
55  26  00 
55  52  43 
55  18  39 

55  40  20 

56  24  50 
58  19  22 

56  47  08 

57  51  25 

58  11  28 
58  30  40 
68  37  30 
58  40  16 

58  59  15 

59  16  46 
59  23  24 

59  33  00 
50  61  15 

60  OS  02 
60  09  22 
60  27  20 
60  44  25 
58  41  22 
57  51  64 
67  28  15 
67  OS  83 
66  28  07 
5«  26  03 
66  11  00 
66  02  09 
65  67  23 

65  46  00 

66  37  00 
56  20  06 
54  68  10 
66  00  30 
64  55  07 
54  41  61 
64  07  00 

63  39  DO 


4  49  37 
4  22  01 
3  37  50 

3  36  00 

4  61  20 

4  38  10 
4  41  00 
4  49  28 
607  09 

4  17  38 

5  48  00 
e  30  46 

6  28  20 

7  06  32 

7  39  09 
6  38  28 
6  22  10 
6  16  01 
4  6»  41 

8  22  25 
2  57  33 
2  22  25 
2  22  45 
1  36  30 
1  16  20 


0  47  30 

2  65  25 

3  46  30 

1  46  22 

2  04  06 
2  44  53 
2  23  06 

2  33  22 

3  08  05 
3  10  47 
1  59  00 


1  3 


1  32  00 
1  21  30 
1  26  00 
1  21  30 
1  10  19 
005  00 

0  12  00 


at} 


.17  10 
1  45  24 
1  34  30 
1  19  10 


Ldd.  Int. 
n.  w.  I  L.i 


11  35 

"o'm' 


0  35 

io'w 


6  16 
9  47 
11  05 
11  56 


7  08 


11  22 
'ii"47' 
"O  22 


9  32 
9  43 
10  36 


11  29 

3  35 

4  53 

5  44 


r>' Google 
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1 

PbML 

LM.N. 

Long.W. 

Loo.  Int. 

^    1 

H.W. 

L.W. 

Bpf. 

"-p. 

1 

51  26  02 
51  23  18 
51  33  24 
513100 

51  27  41 
61  39  10 
61  35  30 
61  40  14 
61  56  00 

61  53  08 

62  07  15 

52  04  30 
52  13  46 
52  16  14 
52  39  00 
52  40  04 

52  33  38 

63  08  55 

53  07  38 

53  16  13 
63  13  46 
63  23  58 
63  29  47 
63  85  00 
63  36  40 
63  42  27 
63  49  34 
63  63  06 

63  49  30 

54  05  46 

64  17  00 
54  16  00 

M  19  36 
54  16  33 
54  16  30 
54  18  00 
54  20  60 

54  34  08 

54  39  47 

55  00  62 

56  08  13 
56  16  26 
56  12  31 
56  16  14 
56  16  33 
56  19  07 
56  22  80 

55  25  65 
66  13  38 

56  10  20 
54  59  40 
66  05  23 
56  16  03 
56  IS  05 
64  65  47 
54  61  07 
54  40  20 
54  41  60 
54  38  45 
54  24  04 

0  29  03 
9  36  25 
9  32  44 
9  10  20 
9  48  19 
9  44  49 
10  18  03 
10  32  45 
10  19  16 
10  23  17 
10  16  30 
10  40  00 
10  2140 
9  52  63 
9  01  18 

8  37  23 

9  55  54 
9  5130 
942  06 
9  03  10 
946  03 

10  14  01 
10  03  54 
10  00  16 
10  09  40 
10  06  41 
9  40  12 
9  32  68 
9  6SOO 
10  03  34 
10  06  31 
963  00 

9  20  41 
S46  02 
834  25 
837  00 

6  40  14 

.   8*27  33 
8  49  52 
633  48 

8  16  38 
8  15  00 

7  67  16 
7  47  12 
7  37  53 
7  23  51 
7  22  22 
7  13  37 
656  38 
7  02  20 
7  19  25 
7  2161 
628  46 
6  10  45 
6  44  18 

5  47  21 

6  49  30 
6  31  30 
6  32  01 
622  20 

i.    m. 
3  60 

10  03 

S:> 

A 

Mount  Gabriel;  Ordnance  surve}' station. 

4  10 

10  23 

10.  S 

B.3 

Miien  EiU:  Or£iance  survey  atttion.  -'- . 

Valentia:  Lighthouse      

330 

943 

10.8 

4.6 

3  40 

9  53 

10.7 

4.6 

340 
3  GO 

9  53 
10  03 

10.7 
12.3 

4.6 
6.3 

600 

0  13 

18.7 

8.0 

E«rftgh  Island:  Lirfithouse 

4  16 
4  19 

10  28 
10  19 

13.4 
15.1 

6.7 
6.4 

<VlBi"'W«rf-  T,im.r" 

4  16 

10  2» 

13.2 

6l7 

S£:'^°gs5r°'"'"°°- 

420 

10  33 

12.1 

5.2 

InUtturk  Island:  Tower : 

ri.n.T.l.nH-  I..,7ht>.n..» 

Ea^blukd:  W.  li^thouae 

4  60 

1103 

10.4 

4.6 

An^uisHead:  Ordnance  nirveyBtation.. 

6  10 

11  23 

1L4 

&.S 

EnbcUwe:  Oidnance  BuiVey  station 

Killyb^  (Donegal  Bay);  St.  Johns  Pt. 

603 

11  16 

11.2 

4.8 

Bloody  Foieland:  Ordnance  survey  sta- 

T<«y  Island:  Lightbouae 

628 

11  41 

1L« 

6.3 

P.n,H    Pninl-    t.i^(>,™.« 

Glaehedy  Island :  thrdnance  survey  station 

IniahtcahuU:  Li^thouse.. 

Moville:  New  Pier 

665 
748 

043 
1  35 

7.6 
8.0 

3.4 
3.6 

Scalp  Mountain:  Ordnance  survey  station . 

Rathlin  Island:  Altacairy  Mthouse 

Maiden  Rocks-  W  li^thouse' 

10  30 

418 

6.7 

4.6. 

LoufihLame:  Farreatt.  lighthouse 

10  42 

406 

9.S 

6.S 

1100 

448 

ILl 

7.4 

SootlTRock:  LigttveMel 

Difltizfi 

Mc 

)Og 

e 
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DundramBBy:  St.  J^ohn  Pt.  li^t 

Gariingfrnxl  Lou^:  HanlboTline  Rk.  It. . 

Drodiedft:  L^thouae 

RockaJtiill;  Lightbouae 

Howth  Peninwila:  Bailey  li^t 

DubltD:  Oboervatory 

N.waUli^t 

Poolb^:  Ligfathouan 

Kinastown:  E.jpier  lif^t 

Kittuwy  Hill:  SUpM  obelisk 

BnyHead:  Ordnauc«  aurvey  station 

mcklttw:  Upper  li^t 

Tan  Hill:  Summit 

Black  Stain  Mountain:  Ordnance  aurvey 
BtatioD .- 

Tory  Hill:  Ordnance  mirvey  station 

a     Weiford:  CoUftge 

1     FortbMount:  Cvdnancesurvey  station... 

S     Toskar  Bock:  Lighthouse 

i     QreatSaltee:  8.  end 

Waterford:  Hoop  Pt.  light 

Waterford:  Cathedral 

Great  Newton  Head:  Metal  Man  Tower. . 

Dnngarvan:  BBllinacoorly  light 

Knockmealdown  Mount:  Oranance  sur- 

EelvickHead:  Ordnance  survey  station. 

Mine  Head:  Lishthouse 

You^ial:  Lightbouae- ■ 

Capel  Island:  Tower 

Bellycottiii:  IJdiithouBe 

Cork  Harbor:  Haolbowiise  Coal  Wharf.. 

QneeDstown:  BochesFt.  light 

Kinsale:  Li^thouee,  8.  pt 

Seven  HeiMu:  Tower 

Galley  Head:  Light  on  sununit 

Stax  Rocks:  Largest 

Aldemey  Harbor:  Old  pier  li^t 

Bt.HelieiB:  Light  oo  Victoria  Pier 

Vardo:  Fortrws 

Tadso:  Lighthouse 

North  Cape:  Extieme 

Fhiholm:  Lighthouse 

Hammerfest:  Lighthouse 

^homso:  Observatory 

Hekkingen:  Liriithottse 

Andenes:  LuhUiouBe 

Lodixgen  (Hjertholm):  LiKhthouse 

Ldoten  Island:  Bkraaven  I.  light 

Glopen  light 

Oiyto:  Lighthouse 

Stot:  Lighthouse 

Tnenen:  Boe  Islet  light 

Bninnosnnd:  Lighthouse 

Villa:  Lighthouse 

Ealten  Island;  Lighthouse 

Eoppem 

Agdenes:  LigbthouBe 

Trondheim:  Mumkholmen  fagstaS 

Grip:  Church 

ChnstiaiURind:  Btorvaden 

Preikallen 


H  13  30 
MOl  10 
53  43  00 
53  35  47 
53  21  40 
53  23  13 
63  20  4? 
53  20  30 
53  18  10 
S3  15  52 
63  10  39 
63  67  54 
62  41  65 

62  32  65 
62  20  63 
52  20  04 
52  IS  67 
52  12  09 
52  06  41 
52  07  25 
62  15  3 
62  08  13 
52  04  27 

62  13  39 
62  03  00 
51  69  ; 
61  66  34 
6t  62  64 
51  49  30 
51  60  33 
51  47  33 
61  36  11 
61  34  14 
61  31  50 
61  28  06 
49  43  00 
49  10  29 


70  22  00 

70  04  00 

71  11  00 
71  06  00 
70  40  15 


69  3 


12 


69  36  05 
69  19  30 
68  24  40 
68  09  20 
67  63  15 
67  23  15 
66  56  35 
66  25  50 
66  28  40 
64  32  55 
64  10  26 
63  4S  25 
63  38  46 
63  27  04 
63  13  11 
63  or  01 
63  03  04 


639  30  . 
6  04  45 
6  16  00 
6  00  20  . 
6  03  06 
8  20  17  . 
6  13  3 
6  09  00 
6  07  30 
6  06  3 
6  04  65 
6  00  0' 
6  13  01  . 


6  28  16 
6  33  41  . 
6  12  35 
6  37  16  . 

6  65  63 

7  06  24  . 
7  10  15  . 
7  33  05 

7  54  54 
7  32  3 
7  36  08  . 
7  60  34 
7  51  10  . 

7  69  00 

8  18  20  . 
8  15  14 

8  31  68 
8  42  61 

8  67  10  . 

9  13  27  . 
2  12  00 


n%  30 


23  40  00 
18  67  C 

17  60  16  . 
16  08  00 

16  02  30  . 

14  40  40  . 

13  04  30  . 

13  62  30  . 

13  28  60  . 

11  69  50 

12  13  30  . 
10  42  10  . 

9  24  50  . 

9  44  45  . 

9  45  20  . 
10  23  30 

7  36  06  . 
7  43  36 

7  46  04  . 


4  27 
368 


11  43 

"ii'is 


12.3 

ii'i" ' 


11  16 

"'io'w' 

"iOM 
10  43 

10  33 

*"oie' 

000 

11  67 


11.6 
11.4 
10.7 


5  04 

"i'ik' ' 


"Coogle 
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1 

Flatw. 

L«t.N. 

Loog-E. 

Lun.I=t. 

-    1 

H.W. 

L.W. 

sp*. 

Nttp. 

' 

63  05  00 
62  68  49 
62  48  20 
62  19  38 
62  U  12 
61  51  21 
61  38  40 
61  33  35 
61  19  16 
60  46  05 
60  23  H 
60  21  39 
60  07  50 
59  57  44 
59  18  20 
59  03  10 
58  58  30 
58  39  25 
58  36  66 
58-25  81 
68  06  25 
57  68  65 

57  68  00 
68  07  60 

58  04  15 
58  16  02 
68  24  40 
68  6160 

58  59  25 

59  00  01 
88  59  34 

68  68  06 

60  01  35 

69  10  30 
69  23  10 
69  25  34 
69  29  23 
69  S9  52 
69  40  21 
69  54  44 
59  09  00 
59  07  OS 
68  59  45 
68  54  06 

58  56  24 
68  54  12 
58  32  45 
58  20  12 
67  63  49 
57  40  6S 
57  18  15 
57  06  26 
56  54  08 
56  40  21 
66  14  40 
56  18  06 
56  02  37 
55  52  00 
65  4162 
55  36  47 
55  23  00 

720  55 
7  12  32 
6  36  10 
6  16  25 

5  07  69 

6  15  11 
4  47  38 
4  46  45 
4  47  14 

4  42  65 
6  IS  1) 

5  19  35 

6  0100 
603  30 

4  52  35 
6  24  20 
6  46  20 
6  33  36 

6  49  08 

5  58  49 

6  34  20 

7  03  10 

7  2B60 
800  30 
803  30 

8  3136 

8  47  66 

9  36  15 
9  45  60 
9  45  14 

10  03  28 
10  09  26 
10  31  65 
10  36  25 
10  32  45 
10  29  52 
10  19  15 
10  38  08 
10  36  65 
10  43  23 

10  60  15 

11  24  09 

10  47  20 

11  00  45 

11  10  28 
1100  36 
11  02  16 
11  13  24 
11  28  04 
11  63  64 

11  54  16 

12  14  32 
12  29  48 
12  5138 
12  61  47 
12  27  11 
12  4130 

12  49  48 

13  11  15 
12  69  49 
12  49  02 

ft- 

ft- 

10  15 

366 

4.1 

2.1 

943 

340 

1.9 

0.8 

4  16 

10  15 

1.1 

0.6 

Arendallnlet;  Inner  Tomngeme  light. . . 

4  17 

10  10 

LO 

0.7 

4  34 

10  00 

1.3 

LO 

Fcerder  Idet- Lighthouse 

5  22 

10  37 

L2 

o.» 

StromtaDgeii(Torgauteii):  Lighthouse — 

Nord  Koster  Islandfl:  Lighthouse 

lSSS-  ShSoiS.".'.:.'.'.".' :  ■ : : 

ijGoogle 
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kabithcb  positions  and  tidal  data. 

ATLANTIC  COAST  OP  BTJItOPK-Continuod. 

i 

FlMW. 

Lal.N. 

Lon«.E. 

Luii.Iiit. 

-  1 

H.W.    1     L.W. 

Spg. 

Nm- 

' 

65  22  00 
55  25  42 

55  22  58 

56  00  54 
50  10  04 

56  06  45 

66  11  50 

66  65  18 

57  26  29 

67  57  24 

67  45  38 

68  08  52 

68  17  55 

58  44  26 

69  20  33 

59  51  29 
69  45  24 

59  45  16 

60  10  35 
60  15  IB 
60  20  26 
60  22  15 
60  22  26 
60  3141 
60  40  29 
60  43  48 

60  56  57 

61  18  22 

61  32  64 
6143  57 

62  02  51 
62  23  30 

62  38  35 
S3  U  55 

63  36  34 

63  39  33 

64  28  60 
66  19  10 
66  18  53 
66  3130 

66  48  30 

65  02  20 
64  2D  06 
63  14  08 
62  20  06 
61  28  29 
60  43  10 
60  26  67 
60  24  45 
60  13  20 
59  60  60 
69  31  11 
69  46  30 

59  46  00 
69  66  10 

60  09  43 
60  06  40 
69  68  45 
69  68  08 
60  00  40 
60  06  22 

13  09  20 

13  49  38 

14  11  10 
.  14  50  57 

14  52  02 

15  36  05 

16  24  04 
18  11  06 

18  59  27 

19  22  36 
16  40  36 
16  69  22 

16  1128 

17  52  09 

18  03  30 

17  37  32 

18  41  34 

19  24  34 
18  49  49 
18  22  36 
18  26  33 
18  24  21 
18  09  49 
18  22  38 
17  08  29 
17  33  60 
17  02  67 
17  04  18 
17  01  51 
17  07  37 
17  16  22 

17  19  05 

18  05  05 

19  02  60 

20  45  36 

20  18  36 
2134  46 

21  30  00 

22  21  66 

23  34  00 

24  12  00 
24  34  00 

23  27  00 

20  37  40 

21  1124 

21  22  34 
210100 

22  17  03 
19  34  00 
19  3120 

19  64  06 

20  25  50 

21  22  00 

22  68  08 

24  24  43 

24  67  17 
26  26  61 

25  37  80 

26  4105 

27  01  40 

28  58  44 

h.   m.        I.   n. 

ft. 

ft. 

YSad-L%httoua;:!r 

Gottluid  laland:  Hobuig  l^bt,  S.  pt. . . . 

:::j':: 

TTlBohn™-  K^TlnT    liphf 

Ulko  Kalla  Rock:  Lwhtbouae  . .  - 

K««V<.-  fthnlgmtiH  T   1ie*l. 

Aland  laland:  Shelaher  light.  .. 

Bopher:  Beacon        

Renaher:  l^hthoiise 

Ealboden  Island:  Liglitveawl 

ijGoogle 
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MAEmME  POSITIONS  AND  TIBAI.  DATA. 
ATLANTIO  OOA8T  OF  EUBOPB-CoatJiiaed. 

i 

PlM». 

L»t.N. 

Lom.B. 

Ltm-Int. 

^     1 

H.W. 

L.W. 

flw. 

H«p. 

i 

60  12  31 
60  14  43 
60  11  05 

59  5fi  14 
69  69  44 
69  66  30 

59  46  19 
69  63  26 
69  56  40 

60  02  OS 
59  28  04 
69  49  10 
59  41  06 
59  42  00 
69  27  05 
59  26  28 
59  36  22 
69  27  65 
59  21  30 
69  IS  06 
59  05  25 
58  56  02 
58  23  03 

57  54  37 
68  06  50 

58  23  10 
67  03  38 
56  57  01 
67  48  02 
67  48  10 
67  24  00 
56  31  01 

55  43  46 
64  63  47 
54  57  40 
64  38  25 
54  43  49 
64  42  60 
54  19  19 
64  09  44 
64  16  30 
54  21  IS 
54  24  28 
64  23  61 
54  12  IS 
64  33  09 
64  36  06 
5*49  55 
64  45  29 
54  35  16 
54  32  29 
64  25  27 
54  11  28 
54  14  40 

61  10  40 
64  05  47 
53  5S29 
53  60  41 
63  26  41 
63  65  03 

27  33  46 

27  58  36 
29  03  01 

29  47  12 

29  48  07 

30  19  22 
30  19  40 
29  64  64 
29  46  38 

28  23  01 
28  03  31 
26  23  00 
26  48  68 
25  02  37 
24  46  10 
24  44  45 
24  31  67 
24  24  05 
24  04  30 
23  23  15 
22  36  15 
22  11  36 

21  49  56 

22  04  15 

23  69  34 

24  49  26 
24  01  27 
24  06  38 
23  16  00 
22  39  15 
21  34  00 
20  69  40 

2106  06 
20  0126 
19  69  06 

19  53  65 

20  00  39 
20  29  46 
19  31  68 
19  23  58 

k.    m. 

i.    m. 

A 

/<■ 

Vieboi^  Bay:  Nelva  I  light 

KiDUfitadt:  Li^t  on  Fredenkatadt  bas- 

Cathedral 

Mnmel'  TJ^hthniiH 

Pillui-  I.i£hthnii« 

Tolkemit:  Church  tower 

18  39  69 
18  4103 
18  40  35 
18  33  46 
18  49  04 
18  20  29 
17  33  3S 
16  51  35 
16  32  50 
16  24  52 
16  11  05 
16  52  39 
16  34  44 
15  04  06 
14  46  36 
14  37  12 
14  33  52 
14  17  19 

PutzieeT  Heiatemeet:  Chuich  tower 

1 

ijGoogle 
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Sinckelsbeig:  Survey  statica]  near  beacon 

Uiedoin:  Church  tower 

LaasKu:  Church  tower 

Woteaat:  Church  tower 

Grieiswald;  St.  Nicholas  Chuich 

Griefswalder  Die:  LighthouM 

Granitz:  Cattle  tower 

Bergen;  Church  tower 

Arkona:  IjghthouBe 

Stnleuud :  St.  Mary's  Church 

Daraeerort:  Lighthouse 

Wustrow:  Church 

Eibnits:  Church  tower 

Wamemuude:  Church .- 

Roatock:  St.  Jacob's  Church 

Diedrichshagen:  Survey  station 

Basdorf:  Survey  Btation 

Wiamar:  St.  Nicholas  Church 

Hohenschonber^:  Survey  statiim 

Tiavemunde:  Li^thouse 

Bui^:  Chuich  tower 

Hanenleuchte:  Lighthouse 

Petersdorf:  Church  tower 

Hesenstein:  FlagataS  of  lookout  tower.. 

Schonberg:  Church 

Bulk:  Lighthouse 

Kiel:  ObBervatory 

Eckemforde:  Church' 

Schleswig:  Cathedral 

Kappeln:  Church 

Flaisbers:  Church 

Dnppel:  Survey  station 

8chleiniiinde:  L^hthoase 

Augustsnburg:  (£urch 

HugeberK:  Survev  atation 

Apwirade:  Church 

Skooigsaide:  Survey  station 

BaUum:  Church 

List:  E.  l^tfaonae 

Eeitnm:  Church 

Fohr:  St.  Nicholas  Church 

Galgenbe^:  Survey  station 

Huflum:  Church 

Tonning;  Church 

Busum:  Church 

Belgoland:  Lightiiouw 

Bcharhom:  B^con 

Neuwerk;  Lt^hOionse. 

Coxbaven:  LighQioufn. 

Stade:  Church  steeple 

Sleinkirchen:  Church 

Altonar  Observatory 

Hamburg:  Old  Observatory 

I  mperial  Marine  Observatory , 

Badm:  Urania  Cftoervatory 

Treptow  Oberavatory 

Harburg:  Ligfalhouse 

HofaeWeg:  L^Mhouse 

langwarden:  Church 

Bremerhaven:  New  harbor  light 

Hmsener  Sasd:  Lizfat  vessel 

Schillighorn :  Lighthouae 


54  03  08 

53  52  17 

63  66  69 

54  03  18 
54  05  49 
54  16  03 
54  22  66 
54  25  OS 
54  40  63 

64  18  42 
54  28  28 
54  20  47 
54  14  42 
64  10  42 
54  05  27 
54  06  32 
54  08  00 

63  63  60 
53  58  54 

53  67  44 

64  26  16 

54  29  43 
54  28  64 
54  19  47 
54  23  52 
64  27  35 
64  20  28 
64  28  25 
54  30  56 
64  39  48 
54  47  05 
54  54  28 
64  40  23 

54  56  4S 
64  58  06 
66  02  46 

55  03  52 
55  06  31 
66  03  04 
54  54  13 
64  41  61 
64  41  21 
54  28  43 
54  19  08 
54  07  62 
64  10  57 
53  67  16 
53  66  01 
63  52  25 
53  36  12 


62  31  31 

62  29  07 

63  28  30 
53  42  60 
53  36  20 
53  32  52 
53  46  57 
63  42  21 


14  01  1 
13  55  2 
13  51  1 
13  46  5 
13  22  5 
13  55  4 
13  37  5 
13  26  1 
13  26  l: 
13  05  3 
12  30  2 
12  24  0 
12  26  0 
12  05  1 
12  OS  1< 
11  46  0 
U  41  5 
11  28  0 
11  05  5 

10  52  5 

11  11  5 
11  14  2 
11  04  1 
10  32  5 
10  22  2 
10  12  0 
10  08  5 


9  68  4 
9  25  1 
9  23  3 


8  33  1 

8  33  5 

9  03  2 
S  56  3 

8  51  5 

7  53  1 

8  24  3 
8  29  5 


9  59  3 
8  14  4 

8  18  3 
8  34  2 
a  04  4 
8  01  4 


6  51 

'io'is 
'ii'i2 
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MARITIME  POSITIONS  AND  TIDAL  DATA. 
ATLAirriO  OOAST  OF  SUSOPE— CoatJnued. 

1 

.^ 

l*t.N. 

Long.!. 

LUB.1111. 

^    1 

H.W. 

L.W. 

8M- 

timf. 

i 
I 

53  31  I>2 
53  47  25 
53  46  19 
63  45  06 
63  43  46 

63  42  89 
53  40  45 

53  22  06 

54  33  50 

64  69  03 

54  56  46 

55  07  24 
66  28  44 

65  35  46 

55  38  10 

66  41  13 

65  05  40 

66  19  19 

56  02  20 
66  07  10 
66  11  60 
56  44  16 

55  68  36 
65  38  34 

56  65  30 
56  67  52 
55  65  09 
55  40  60 

55  09  48 

65  00  26 
SS02  19 

54  44  23 

64  51  14 

56  02  34 

55  16  09 

66  17  44 
66  29  31 

55  34  03 

65  18  41 
65  03  00 

65  03  37- 

66  45  32 

65  48  02 

66  51  44 

65  56  58 

66  67  06 
66  1)9  26 

56  08  00 
56  26  36 

56  59  64 

57  02  54 
57  43  46 
57  35  06 
57  06  50 
66  30  48 
66  05  27 
56  47  17 
56  44  50 
65  31  62 
55  26  26 
55  16  11 

8  08  47 
7  54  09 
7  41  45 
7  35  41 
722  03 
7  13  53 

6  69  53 

7  12  25 

11  68  03 

12  17  16 
12  32  40 
12  03  07 
12  07  36 
12  38  24 
12  41  26 
12  34  41 
14  42  00 
16  J139 
12  32  02 
12  20  50 
1142  60 
11  39  15 

11  61  se 

12  05  02 
1140  20 
11  24  06 
1105  07 
1105  04 
1100  32 
11  64  69 
1122  23 
10  42  13 
10  24  11 
10  09  16 

963  60 

9  4S09 
928  40 

10  06  29 
10  47  47 
10  40  02 
10  36  48 
10  16  20 
10  33  37 

9  51  19 
10  26  61 
10  33  00 
10  12  50 
10  48  32 
10  57  40 
10  18  53 

9  65  22 
10  36  38 

9  66  44 

8  36  10 
8  07  23 
8  14  62 
8  14  36 
e  14  43 
8  24  12 
8  24  03 
8  32  38 

1.   m. 
0  04 
11  27 

6  "7 
6  15 

1^2 
8.0 

4.6 

BalBtrum:  Church 

11  05 

4  63 

7.S 

4.1 

024 

636 

8.9 

5.0 

Moenlebnd:  StegeChi^Bpire 

Amager  IflUnd:  HoUcenderby  Ch.  spire.. 

NordBe  Rase  light 

Copenhageu:  University  Obeervatory 

9  33 

3  21 

0.6 

0.3 

Chtiatianso  Island:  Great  lower 

Henelo  laland:  Lifrhthouse 

Rooekilde:  CatEodrel 

Sejro  laland:  Sgro Pt>int light 

*!mI.I«nH-  rh...v.|.-pim  '    "    " 

BRagoIshmd:  Lighthouoe 

Sanw)  Idand:  Koldby  Church  tower 

TiinnlBlnnH-   T.i^hlh™.-. 

Samsoe  Island:  Nordby  Church  tower. . . 

Cape  SUw,  or  Skagen :  Old  lighthouse . . . 

646 

4  18 

1168 
10  30 

1.0 
12 

.05 
.07 

235 

•   8  47 

2.1 

L2 

2  36 
234 

8  47 
846 

4.6 
4.7 

2.6 
2.7 
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Utrecht;  Observatory 

Leyden:  Observatory 

The  Hague:  Church  tower 

Scheveningen:  Lighthouse 

Brielle:  Xighthouae 

Rotterdam:  Time- ball  station 

Hellevoetsluifi:  Time-ball  station 

Willemetadt:  Lighthouse 

Goedereede:  Light  on  church  tower 

Flu^iiDg:  Time- ball  station 

Light,  Weethaven  bastion 

Bra«etB:  New  observatory 

Antwerp:  Observatory 

Notre  Dame  Cathedi&l 

Blankenberghe:  Fort  Ughthouse 

Oetend:  Lighthouse 

Church  tower 

Nieuport:  Templars  tower 

Paris:  Obaervatory 

Dunkerque:  Tower 

Gravelinee:  Light  on  N.  breakwater 

Calais:  Lighten  old  fort 

CapeGrisNez:  Lighthouse 

Boologne,  C.  Alprech:  Lighthouse 

Abbeville:  Tower 

Cayeui:  Lightbouae 

Dieppe:  W,  jetty  light 

Ailn  Point:  Lighthouse 

St.  Valery  en  Ciux:  Light  oa  W.  break- 
water  

Ffeamp:  N.  jetty  light 

CapeLaHeve:  S.  light 


Caetf:  Chuicb  tower. . 
Port  CoreeuUee:  W.  je 
Point  De  Ver:  Lighth 


Cape  Barfleur:  Light 

Cfaerbouig:  Light,  W. head ofbreakwater. 

Naval  Observatory 

Cape  Ia  Hague:  Lighthouse 

CasquetA  Rocks:  Light  on  NW.  rock 

Port  St.  Peter,  Guernsey :  Light  on  Castle 

Coonet  Breakwater 

Douvree  Rocks:  Lighthouse 

Cape  Carteret:  Lighihoufle 

Coutancea:  Oathearal  tower 

Granville:  Lichthouse 

Cbauseyle.:  LightonSE.endoflaigeid,, 

St.  Malo:  Kocheboume  light 

CapeFrehel:  Lighthouse 

Heaa  de  Brehat:  Lighthouse 

Uorlaii,  He  Noire:  Lighthouse 

De  Baa  Islet:  Lighthouse 

Abervrach:  Lwht  on  Vrach  Islet 

Ushant:  Stiff  Point  light 


52  67  50 
62  22  3" 
52  05  10 
52  09  20 
52  04  40 
52  06  16 
51  64  29 
51  54  30 
51  49  19 
61  41  46 
51  49  OS 
51  26  S3 
51  26  24 

50  47  66 
61  12  28 

51  13  17 
61  18  47 
61  14  13 
51  13  f 
51  07  53 

46  to  11 
51  02  09 
61  00  18 
GO  67  46 
60  52  10 
60  41  57 
50  07  05 
60  11  42 
19  66  06 
49  65  01 

49  62  28 
49  46  06 
4S  30  04 
49  29  01 
49  26  3 


49  11  14 

49  20  18 

49  20  : 
49  34  : 
49  41  60 
49  40  29 
49  38  64 
49  43  22 
49  43  17 

49  27  13 

49  06  28 
49  22  27 
49  02  64 
48  50  07 
48  62  r 
48  40  18 
48  41  05 
48  64  33 
48  40  23 
48  44  45 
48  36  57 


48  2 


31 


4  46  3 

4  53  01 

5  07  45  . 
4  29  03  . 
4  IS  30  . 
4  15  10  . 
4  10  45 


3  34  32 

4  21  44  . 
4  24  44 

4  24  12  . 

3  06  54 
2  55  61 

2  65  22  . 
2  46  34 

2  20  15 
2  22  31 
2  06  34 
1  6107 
1  35  02 
1  33  47 
1  49  56 
1  30  46  . 
1  05  01 
0  57  36  . 

0  42  34 
0  22  12 

004  06  . 
006  22 

0  13  43  . 

Lmw.  1 
0  21  1 
0  27  24  . 

0  31  0" 

1  16  21 
1  15  66 

1  43  44  . 
1  38  0 

1  67  15  . 

2  22  41 

2  31  31 
2  48  49  . 
1  48  2 
I  26  3 
1  36  46 
1  49  2 

1  68  41 

2  19  0" 
1  05  11 


3  52  3 


10  27 

"hiV 


11  58 
11  69 
11  39 
11  17 
11  IB 


6  35 
600 
4  35 
4  00 
3  35 


5  48 

5  33 
5  02 

"i'u" 


1  44 

'  ois' 


0  09 
0  04 
004 

*i2'66*  ' 
11  25 
II  00 
10  25 
10  00 


dbyGoogle 
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BreBt:  Observatory 

Breet  (approftch):  Quelem  light 

De  Sem  Islet:  Ligbthouae 

Becdu  Raz:  Lignthouse 

Audierne:  Pierhead  light 

Peniaarch  Rocka:  Lighthouse 

Glenan  Islands:  Light,  Penfrot  I 

DeGroix  Island:  Lighthouse 

Lorient:  Church-tower  light 

Belle  lele:  Lighthouse 

Port  HaJigueD:  Light  on  N.  jetty 

Haedic  Island:  Lighthouite 

Port  Navalo:  Lighthouse 

Vannes:  St.  Pierre  Church 

Le  Four  Rock:  Lighthouse 

Croiaic :  End  of  breakwater 

Gueinnde:  Steeple 

Port  St.  Naz&ire:  Lighthouse 

Faimbceuf:  Steeple 

Nantes:  Cathedral 

Noir  Moutier  Island :  Lighthouse 

Le  Pilier  Island:  Lighthouse 

B'Yeu  Island:  Lighthouse 

La  Chaume:  Lighthouse 

Point  de  Grouin  du  Cou:  Lighthouse 

R6  Island:  Light,  NW.  pt 

Rochelle:  E.  Quay  light 

Aix  Island:  LightliouBe 

Rochefort:  Hospital 

Oleron  Island :  Light  NW.pt 

Point  de  la  Coubre:  Lighthouse 

Point  Gordouan:  Liprhthouse 

Point  de  Grave:  Li^thouse 

Bordeaux:  TJnivOTsity  Obsy.,  Floirac 

Bayoone:  Cathedial 

Biarritz:  Lighthouse 

St.  JeandeLuE:  St.  Barbe  Point  light.. 
Hendaye:  Abbadia  Observatory 

Fnenteirabia:  Lidit  on  Cape  Hignen. . . . 

PortPaeages:  Light  at  entrance 

San  Sebastian :  Monte  Igueldo  light 

Bilbao:  Light  on  Galea  Castle 

Castro  Urd tales:  Santa  Ana  Caatleli^t.. 

Santofia:  Peecador  Point  light 

Santander:  Cape  Mayor  IMit 

San  Martin  de  la  Anma:  Lighthonse 

San  Vincent  de  la  Barqueia:  End  of  new 

RivadesellB:  Mount  Somoe  li^t 

Gijon:  Santa Catalina li^t 

Avilee;  Li^thouse 

Rivadeo:  Li^thouse 

Estaca  Point:  Lighthouse 

PortCedeira:  Lighthouse 

Ferrol:  Old  naval  obeerval«ry 

Priorino  Chico  light 

Corufia;  Hercules  Tower  light 

Cape  Finisterre;  Lighthouse 

Vigo;  Cres  I.  light 

Oporto:  Light,  ti.  S.  de  Luz 


45  02  40 
4S02  2S 
48  00  47 
47  47  62 
47  43  17 
47  38  51 
47  44  53 
47  18  42 
47  29  10 
47  19  18 
47  32  53 
47  39  30 
47  17  53 
47  IS  30 
47  19  44 
47  16  18 
47  17  17 
47  13  08 
47  00  41 
47  02  35 

46  43  04 
46  29  38 
46  20  41 
46  14  40 
46  09  25 
46  00  36 

45  56  37 

46  02  49 


45  41 

46  35  14 

45  34  lO 
44  50  07 
43  29  29 
43  29  38 
43  23  58 
43  22  62 

43  23  30 
43  20  05 
43  19  22 
43  22  36 
43  24  20 
43  28  36 
43  29  30 
43  26  50 


43  38  06 
43  34  40 
43  47  20 
43  39  00 
43  29  30 
43  27  30 
43  23  10 
42  62  45 
42  12  30 
41  09  10 


4  29  36 
4  34  28 
4  62  03 
4  45  26 
4  32  50 
4  22  30 
3  57  16 
3  30  36 
3  21  31 
3  13  38 
3  06  09 
2  50  07 
2  5«  08 
2  46  28 
2  38  05 
2  31  26 
2  26  48 
2  11  60 
202  09 

1  32  59 

2  13  16 
2  21  37 
2  22  56 
1  47  45 
1  27  49 
1  33  40 
1  08  57 
1  10  40 
0  67  50 


1  2 


1  15  16 
1  10  24 
1  04  27 

0  31  23 

1  28  43 


1  3 


1  47  30 

1  66  06 

2  01  40 

3  04  06 

3  16  10 
3  28  06 


7  42  00 

8  05  30 
8  13  29 
8  20  20 

8  24  26 

9  15  28 
8  54  00 
8  40  36 


r>' Google 
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MARITIME   POSITIONS  AND  TIDAL  DATA. 
ATLAKTZO  OOAST  OP  BUBOPB— Condnued. 

t 

pm. 

l*t.N. 

L««.w. 

Lim.  Int. 

"-    J 

H.  W, 

L.W. 

SPC. 

N«p. 

1 

40  12  25 
40  10  47 
3B  24  49 
39  2100 
38  46  49 
S8  42  31 
38  29  15 
37  0120 

37  07  48 

38  58  23 
37  1100 
37  15  08 
30  43  58 
30  27  42 
36  31  30 
36  10  50 

35  59  63 

36  07  19 
36  07  10 
36  06  25 

8  25  47 

8  64  15 

9  30  29 
822  30 

8  29  46 

9  H  10 
8  60  00 
858  00 
8  38  53 
7  6148 
7  24  00 
6  57  12 
626  30 
6  12  18 
6  19  00 
602  08 

5  36  31 

6  26  12 
5  21  17 
5  20  42 

I.     M. 

I.     B. 

ft- 

ft. 

220 

835 

7.0 

3,0 

ffinraTi^drffiioiui"': 

206 

8  15 

7.8 

3.4 

LidMn:  Royal  Obaervalory,  Tapftdii 

2  20 
2  10 

a  05 
820 

11.1 
11.6 

4.8 

6.0 

165 

608 

13.0 

6.6 

1  16 

7  28 

12.3 

5.6 

Gadii:  ObservatoTy  of  San  Fernando 

145 

7  68 

11.8 

6.4 

1  32 

7  62 

6.6 

2.6 

EuropaPt  1^'. " "." 

1  36 

7  66 

3.7 

l"? 

COASTS  OF  THB  KKBITBIlRAinEAir,  ASSIATIO,  AKB  BLACK  SBAS. 

i 

36  42  39 
36  50  12 

36  42  57 

37  33  28 
37  35  50 
37  33  22 

37  34  38 

38  12  30 
38  20  12 
38  30  00 
38  30  67 
38  33  30 

SS38  36 
38  40  51 
38  48  06 

38  5100 

39  12  15 

39  28  06 
89  27W 

88  53  67 

40  04  63 
40  27  48 
40  33  30 

40  43  10 
4106  00 

41  25  18 

41  60  04 

42  16  15 
42  10  10 

4  24  38 
2  27  60 

2  11  12 
1  15  12 
068  09 
0  57  68 
060  20 
0  30  12 
0  28  48 
0  1142 

oloos 

004  02 

0  02  52 
0  09  17 
0  12  02 

007  30 

OlS'37 
0  18  48 
0  18  60 

04S  18 

008  66 
0  28  48 

0  39  45 
053  65 

1  14  42 
207  00 
308  28 

3  17  10 
3  18  65 

2  15 

8  35 

2.9 

AUouite- KTiolelSu^ 

Alt«i-    Li^thMHU 

Oalpe-  Chnrch lower.... 

Jama:  CapeSanAntoniolisfat...       . 

TW.»-  M^IaJiau^  li^kt. 

Mole^Ddli^t 

600 

1130 

1.5 

Oiopwt  Cape:  Lightbouae 

Port  Al[MUca:Bafift1iKht 

Barcelona:  Koyal  AcaHany  Obey 

ijGoogle 
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MARITIME  POSITIONS  AND  TIDAL  DATA. 
COASTS  OF  THE  KBDITBIIRAIISAN',  ADB.IATIO,  AND  BLACK  SEAS-Continued. 

i 

p^ 

L»l.N. 

Long.  E. 

LUD.lDt. 

lUnge.        1 

H.W. 

L.W. 

BPE- 

Nwp. 

i 

1 
t 

I 

42  30  59 

3  07  30 
3  06  50 
304  08 

3  42  08 

4  08  32 
6  13  51 
6  20  46 
G  23  39 

5  36  42 

6  66  06 

6  08  39 

7  00  64 
7  08  02 
7  17  16 
7  18  42 

7  19  41 

127  26 
2  57  20 
2  37  00 
4  18  20 

818  44 

8  61  08 
8  13  29 
8  10  00 

8  23  56 

9  08  42 
9  20  28 
929  40 
9  39  14 
944  22 
9  42  52 
9  32  35 
907  20 

9  11  15 

8  36  45 
909  04 
843  25 
g  24  10 

9  27  00 
9  22  06 

8  10  22 

8  54  19 
866  20 

9  50  48 

11  15  20 

10  17  45 
9  5107 

10  24  38 

10  05  50 
10  03  54 
10  18  39 
10  56  24 

1146  60 

12  29  06 

13  35  15 

).   m. 

k.    «. 

fl. 

fl. 

43  00  47 
43  23  50 

MarseiUee:  JanetTlifl  light 

43  20  43 

7  31 

200 

0. 6  I    0. 3    1 

43  10  21 
43  05  10 
43  0101 
43  32  51 
43  33  51 
43  41  32 
43  41  68 
43  40  30 

38  54  10 

39  06  34 
39  33  00 
39  51  63 

37  08  09 

38  52  34 

39  08  44 

40  33  60 

40  50  25 

41  14  36 
41  18  24 
41  14  16 
40  69  52 

40  54  66 
39  65  47 
39  05  15 
39  12  36 

41  22  10 

41  52  60 

42  18  14 

42  36  10 

43  0146 

42  41  47 

41  36  46 

43  57  17 

44  24  15 
44  26  09 
44  04  00 
43  46  15 

43  32  36 
43  02  57 

42  45  14 

42  35  06 
42  21  28 
42  20  16 
42  IS  13 

42  06  38 
41  53  34 
41  12  27 

S  22 

2  24 

0.6 

0.2 

C»bre»  Island:  Lighthouae 

Fort  MahoQ  (Minorca) :  Lighthouse 

Bonifacio:  Mount  Pertuaato  light 

ffii^huwuir„\T.'/.".'.:: :;:::: " 

Leghorn  (Livomo):  Light  on  S.  end  of 

Capraia  Island:  Cape  Fecrajone  light 

PiacoBft  laland:  Li^t  on  batt«ry,  W. 
eideoffort 

Giglio  Island,  CfLp«  Romo:  Lighthouse. . . 
Civita  Vecchia:  Light  N.  end  of  break- 

Rome:  Eoyal  Observatory  at  Capitol 

Difltizfi 

.vGc 
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e 
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MAKimiE  POSITIONS  AND  TIDAL  DATA- 
OOASTS  OF  THE  MKJ>ri'KKTmN1»N,  ABBIATIO,  AND  BI^OE  SBAS-Contmued. 

1 

Pim. 

LM.N. 

Long-E. 

— ■ 

Ruxe.        1 

L.  W. 

SW. 

N«»p. 

i 

PcaiM  Islet:  PimtodellftGuardia  light... 
Naples:  Obeen^tory,  Capo  di  Monte 

40  52  38 
40  5146 
40  50  20 
40  32  07 
38  28  43 
3S42  40 
38  18  02 
38  16  10 
38  06  44 
38  07  56 
38  00  39 
37  57  13 
37  47  10 
37  16  55 
36  04  10 
35  64  00 

35  61  60 

36  29  37 

36  4103 

37  03  04 
37  12  39 
37  29  35 
37  30  13 

37  60  25 

38  11  32 
3»  16  03 
37  55  27 

39  0129 

39  04  38 

40  24  41 
40  02  48 

39  47  43 

40  06  23 
40  09  06 

40  39  36 

41  08  19 
4153  17 

41  37  39 

42  08  14 

43  37  14 
46  20  30 
46  26  02 
45  26  11 

45  4106 

45  48  33 

46  38  45 

45  38  64 

46  33  00 
46  32  34 
46  31  64 

45  29  24 

46  19  16 
46  13  45 
46  05  00 

44  5149 
44  46  30 

44  57  24 
46  19  36 

45  16  18 

45  01  30 

46  07  12 
44  57  36 

12  67  17 
14  15  26 
14  15  37 
14  11  40 

14  51  40 

13  12  00 

15  39  11 

16  13  42 
13  21  29 
13  22  29 
12  29  BO 
12  02  65 

12  25  59 

13  32  27 

14  12  65 

14  3130 
12  62  09 

12  36  12 
16  07  45 

15  17  37 

16  13  20 
16  06  19 
15  05  00 
15  18  30 
15  34  33 

15  39  16 

16  03  46 

17  12  09 
17  08  07 
17  12  23 

17  66  56 

18  22  17 
18  31  26 
U26  46 
17  69  37 
16  60  52 
16  IL  13 
15  65  34 
15  31  36 

13  31  IB 
12  19  09 
12  20  24 

12  20  32 

13  22  54 
13  32  10 
13  45  44 
13  45  14 
13  43  18 
13  39  32 
13  33  48 
13  29  30 
13  33  42 
13  35  39 
13  38  00 
13  50  43 

13  53  36 

14  08  42 
14  26  41 
14  33  42 
14  34  36 
14  16  30 
14  23  30 

».   ™. 

p. 

fl- 

4  00 

0.2 

Faro  of  Meesina:  Capo  di  Faro  light 

Mantinio  Island:  LbhtonBW.pt 

M»lt» laland.  Valet taHarbor:  Lighthouse. 

3  12 

9  25 

0.7 

0.2 

S}iaciue:  ManiaM  C^Ue  li^t. . . 

Augusta  Port:  TofTe  d'Avola  light 

3  00 

9  13 

0.9 

0.3 

Royal  Univenity  Obeervatory . . 

Cotnme:  Mole-bead  Ught    . 

CapeWMari«diI,«u5.:  L%hthou»e.... 

3  30 

943 

1.8 

0.6 

Unifred^:  LkhthouM 

Tr«miti  Idand«:"Capnift  I.  l«bt 

Ualamocco:  KocchetU  Molelight 

T«iiGe:  8it«  of  tower  of  St.  Hark 

10  15 

4  46 

3.3 

0.9 

9  20 

3  60 

2.0 

0.6 

Capo  d'lstna:  Ijghtboum 

Pola:  Imperial  Hydro.  Office  Obs^ 

Promontore  Point:  Pom  Rock  light 

9  00 

3  25 

3.4 

0.9 

8  15 

2  36 

1.2 

0.3 

abvGoogle 
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MAEITIME  POSITIONS  AND  TIDAL  DATA. 

i 

PUo*. 

Lat.N, 

l^OKt-H. 

LtlD.lDt. 

-    1 

H.W. 

L.W. 

SM- 

Swp. 

1 

i 
1 

3 

44  43  36 
44  37  20 
44  32  11 
44  27  42 
44  24  42 
44  59  24 
44  40  08 
44  31  30 
44  07  05 
44  09  06 
43  56  16 
43  51  15 
43  37  36 
43  45  08 
43  3100 

43  27  00 
43  3102 
43  30  07 
43  23  50 
43  19  12 
43  17  46 
43  05  28 
43  0143 
43  04  30 
43  09  24 
43  09  60 
43  07  30 

43  02  50 
42  57  42 
42  54  19 

42  57  37 
42  45H 
42  45  05 
ti  45  05 
42  23  30 
42  47  06 
42  45  30 
42  39  00 
42  35  08 
42  27  04 
42  23  36 
42  25  30 
42  le  42 
42  11  43 

42  05  15 
4165  47 

4135  10 
41  23  31 
4118  40 
41  08  44 
4102  12 
40  47  00 
40  36  14 
40  26  30 
40  25  17 
40  12  00 
40  02  57 
39  54  29 

14  10  36 
14  14  06 
14  28  06 
14  33  28 
14  34  06 
14  53  48 

14  34  42 
16  04  24 

15  14  05 

14  49  24 

16  26  21 

15  12  06 

15  34  24 

16  68  07 

15  65  00 

16  08  61 
16  16  09 
16  26  06 
16  11  10 

16  24  30 

17  01  36 
16  27  30 

15  45  29 

16  12  28 
16  27  14 

16  41  65 

17  12  00 

17  00  19 
17  12  44 
16  51  32 

16  43  07 

17  08  5* 
16  61 M5 
16  29  29 

16  15  12 

17  22  51 

17  46  48 

18  03  08 
18  10  49 
18  25  36 
18  32  00 
18  46  12 
18  60  36 

18  66  26 

19  04  19 
19  12  29 

19  27  16 
19  24  54 
19  27  14 
19  26  47 
19  26  30 
19  20  14 
19  19  14 
19  27  56 
19  17  46 
19  38  33 
19  47  53 
19  64  65 

t.   a. 

i.  m. 

A 

ft- 

Unje  Wand:  Netak  Point  lij^t 

Luasin  Piccolo:  Manora  Observatory 

St.  PietrodiNemboIflland:  Health  offlce. 

8  10 

2  25 

LI 

0.3 

6  10 

020 

1.0 

0.3 

Ziroua    Grande     lalind:     St.     Geoige 

SoluCPortOlivetto:  St.  Nicl^i^  tower 

400 

10  30 

2.4 

0.7 

St.  Giorgio  ft.  light 

Sftbioncello    Peninsula:    Upe    Gomena 

SorelleBocke:  I^hthouse 

Cunola  Ifllaod:  I'orto  Bema  mole  head. 
Porto    Valle     Gnode, 

LS|ortaWand:St.GeoigeChapa: 

Mel^  Island:  Port  Palawo  Ruia 

OlipaEock:  Lighthouse 

Pettini  di  lUgiua  Bocks:  Lighthouse. . . . 

Budua:  Mote-head  lirfit 

Katie  Rock:  St.  Domenica  Ch^l 

Anti-vMi:  Pt.  Valovic*  light 

niil^Qnn-  W   winHmill 

r^opoT-phi^nin 

Slcumbilliver:  Pymmid  at  mouth 

Voiatxa  Biver:  Pyramid  at  mouth 

C^w  KiefaU- Pyramid 

abvGoogle 
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MARITIME  POSITIONS  AND  TIDAL  DATA. 
COASTS  or  THS  KSBirBBBANEAlT,  ADRIATIC,  AITO  BI^CK  SEAS— Con tioued. 


Saaeno  Island:  Lischtliouse 

Fano  Island :  Pt.  Kaatri  ii^t 

Port  Paffonia;  Ruin 

PortGomenitzft:  WellDogiuiB 

Port  Paira:  Madonna  I 

Fort  St.  Spiiidione:  Convent. 

Corfu:  Lighthouse 

P&xo  Island:  Madonna  I.  light 

Preveen;  Fort  Nuovo  minaret 

Fort  Diepano:  Observation  iebnd 

Port  Vlibo:  Customhouse 

Fort  Vathi:  lazaretto  lidit 

Fort  Anostoli:  St.  llieadoro  li^t 

Pktras:  Xi^thonae 

Eatakolo:  Li^thonse 

Zante:  Mole  ^ht 

Strovathi,  or  Sirivali  Islaad :  Slampbani 

I.lwht 

Froti  Fasaa|;e:  Marathon  Ft. . .' 

Navarin:  Lighthouae 

Hothoni:  Bound  tow«r. 


PeiaJidiBay:  

Ouidia  Island,  PortSuda:  Lighthc 

Maralo    Xastron:    Mole 

%ht 

KandeBueH  Island :  Lighthouse 

Slampali  Island,  Maltexana  Port;  Agios 

Christiana  IskJidB:  N.pt, 

Hilo  Island:  Summit,  Mt.  St.  Elias 


Pan*  Idand,  Port  Trio:  Trio  Pt 

Port    Naussa:    St.    Yanni 

Church ■ 

Syia:  Mole  light 

Senna  Island:  Amyno  Pt 

Thermia  laUod:  Ruins  of  Cythnua 

Jura  Island:  North  pt 

Port  St.  Nikolo:  Lighthouse 

St.  Nikalao  Island:  Fort  Mondri 

Androe  Island,  Cape  Fttsee:  Lighthouse... 

lenk*:  Acropolis 

Fk>rt  Eheli:  Luhthouse 

PuoB  Island:  Lighthouse 

fgina:  Lighthouse 

Krsus:  I^Oiouse 

Athens:  National  Observatory 

Cape  Colomia:  Extreme 

Port  Raphti:  Statue  I 

Petali  Island:  Traco  I.  peak 

Euripo  Strait:  Lighthouse 

Skiathofl  Island:  Mount  Stavros 

Salonika:  S.  bastion 

Ijemnoe  Island:  Kaatro  Castle 

Port  Moudroe:  Sangrada  Pt 

Strati  Island:  St.  Strati  Chiirch , 

Mityleni  Island,    PortSigri:  LiKhthouae. 
MityleniiT.ightonMit- 


IWm  Island:  Fort.. 


6I828=~ie 21 


yWiPt 

Fortleio:  Sidero  Islet. 


40  3D  12 
39  51  53 
39  39  27 
39  29  50 
39  16  32 
39  39  54 
39  37  05 
39  11  30 
38  56  3 
38  47  25 
38  40  40 
38  22M 
38  11  36 
38  15  00 
37  38  2 
37  47  10 

37  15  12 
37  03  38 
36  64  10 
36  48  40 
36  47  SO 
36  57  20 


B  55 


36  34  26 
36  16  20 
38  40  27 

36  69  12 

37  06  32 
37  00  01 

37  08  38 
37  26  12 
37  07  J " 
37  26  55 
37  38  00 
37  39  28 
37  44  00 
37  57  30 

36  47  06 

37  18  42 
37  31  45 
37  44  30 
37  56  14 
37  58  21 
37  38  45 

37  52  48 
33  01  2 

38  28  16 

39  10  48 

40  37  ; 
39  52  10 
39  50  62 


39  06  10 
39  03  20 
38  32  00 


0  07  12  , 
0  17  09 
0  24  65  . 
9  43  09  . 
9  56  8 
9  12  3 
0  45  4 
0  44  16  . 
0  42  44  . 
0  43  37 

0  29  30  . 

1  43  50 

1  18  65  . 
0  65  26  . 


21  42  40  . 

21  68  00  . 

21  66  42  . 

24  09  39  . 


26  24  28  . 
26  13  0' 

24  23  IS  . 

24  40  30  . 


26  14  0 

24  66  14  . 

24  32  23  . 
24  23  3 

24  44  32  . 

24  19  44  . 

24  04  12  . 

24  42  30  . 

23  05  40  . 

23  08  53  . 


23  38  10  . 

23  43  14  . 

24  02  16  . 
24  03  0 

24  16  42  . 
23  36  45  . 

23  27  07  . 
22  58  00  . 
26  03  20  . 

25  14  14  . 

24  59  13  . 

25  50  00  . 

26  34  54  . 
26  31  39  . 
25  35  00  . 


itizoribyCoOgle 
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MABITIMK  POSITIONS  iND  TIDAl  DATA. 

1 

PIOM. 

L>t.N. 

L<nif.B. 

Lan.Int. 

^    1 

H.W. 

L.W. 

BK- 

Ump. 

i 

I 
I 

1 

40  32  40 
37  16  33 

37  41  24 

38  19  65 
36  55  00 
36  48  00 
36  39  33 
36  26  00 

36  OS  63 
40  02  30 

40  24  27 
410120 

41  01  02 
4100  35 
4100  16 
41  21  15 

41  52  04 

42  27  62 

43  10  00 

44  10  20 

45  09  47 

46  16  00 
46  28  37 
46  58  22 
46  34  27 
44  36  55 

44  29  60 

45  2103 

46  45  00 
42  68  00 

41  39  30 
410100 

42  0120 
41  18  03 
40  38  10 
40  23  30 

39  50  00 
39  0121 
38  60  10 
38  25  40 
38  21  48 
38  12  21 

37  02  00 
36  52  00 

30  35  30 
35  30  30 
34  29  25 

34  62  00 
33  54  10 
33  34  20 

33  16  30 
32  54  36 
32  47  40 

35  07  10 

34  33  46 
34  64  00 

31  15  41 
31  3140 
31  29  30 
31  21  23 
31  11  43 

26  45  00 

27  36  55 
26  58  42 

26  17  46 

27  18  25 

28  18  00 

29  06  13 
28  16  24 

28  08  10 
26  10  54 

26  4124 
20  0100 

29  00  29 
29  01  14 
28  68  59 
28  42  14 

27  58  45 
27  S5  54 

27  68  56 

28  39  14 

29  41  14 

30  14  14 

30  45  32 
3168  27 
3133  36 
33  36  26 
33  36  25 
36  28  30 
36  46  40 
40  56  10 

4138  16 
39  46  25 

35  13  20 

31  26  49 
27  46  09 
27  47  30 

25  68  34 

26  47  67 

26  67  20 

27  09  10 
26  47  00 

26  47  32 

27  27  05 
30  45  34 

36  10  20 

35  46  30 

36  44  24 
S5  61  00 
85  28  25 
36  21  30 
35  14  40 

35  08  00 

36  05  00 

33  57  22 
33  01  30 
33  38  59 

32  18  45 
3161  00 
30  19  10 
30  06  00 
29  51  40 

k.   n. 

JL     M. 

fl- 

fi- 

Marmorice  Harbor:  Aduei  Pt.  liglkt. 

BhodoflPort:  Arab's  Tower  lishit. 

Gftllipoli-  LighthoiiBe....7Vr 

St.  ffijphia  Mosque 

Kuaterjeh :  Cape  KuHterieh  light 

Dnieper  B«y:  Fort  NikoUeo  li^t 

Tenedoe  Island :  Ponente  Pt.  light 

Port  Ah-Agha:  W.  pt.  of  entnmce 

Smyrna:  English  consulat«  flagst«S 

9  15 

3  15 

2.5 

0.7 

Sighajik  Harbor:  Beacon  on  islet 

Adalia- Li^Uiouae 

Tripoli  Koaa8t«ad :  Bluff  Islet  light 

9  45 

335 

1.2 

0.3 

Saida  (ancient  Sidon):  Lighthouse 

9  40 

330 

1.4 

0.4 

9  40 

330 

1.0 

&3 

Rosetta  Mouth  light 

9  46 

3  16 

1.1 

0.3 
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MAKITIME  POSITIONS  AMD  TIDAL  DATA. 

1 

riMe. 

Lt.H. 

Lonc-E. 

Lun-Int- 

-     1 

H.W. 

L.W. 

8pg. 

N«p. 

i 
! 

3 

32  06  61 
32M  OS 

S4  3S01 

35  30  24 

36  45  24 
36  23  20 

36  60  12 

37  04  46 

36  48  10 

37  10  42 
37  16  38 
37  31  16 
36  67  15 

36  64  29 

37  06  17 
36  46  41 
36  47  16 
36  47  60 

38  33  07 

36  44  21 
35  43  22 

86  11  06 

35  58  00 

36  63  44 
35  47  00 
35  47  14 

20  02  40 
13  10  50 

10  41  17 

1106  15 
10  60  42 
10  37  10 

1107  00 
1103  16 
10  16  31 

10  17  30 
9  63  21 
8  66  12 
7  46  40 
6  53  11 
6  28  37 
5  06  22 
3  04  13 

302  08 
1  20  36 

oil  38 

1  07  57 

2  26  4S 

303  29 

5  16  46 

6  48  31 

6  55  41 

965 
10  00 

3  36 

t.    a. 

3  45 
3  50 

9  57 

1.2 
1.9 

4.2 

0.5 
1.1 

Mdiodiah- Sidi  lubber 

3  33 

965 

3.0 

0.8 

2  46 

868 

2.6 

1.3 

1  55 
1  30 

8  07 
7  40 

3.3 

8.0 

1.5 
3.7 

WEST  COAST  OT  AFRICA.                                                          1 

35  12  50 
34  04  10 
33  36  00 
33  08  00 
3130  30 
30  38  00 
28  45  00 
27  66  00 
26  07  67 
25  07  06 
23  36  03 
22  12  37 
20  46  27 
18  18  45 
16  01  31 
14  44  46 
14  43  20 
14  40  30 
14  38  66 
14  39  65 
13  39  45 
13  28  00 
12  35  00 
10  36  37 
10  03  15 
930  30 
9  16  10 
8  57  05 

609  13 

6  48  00 

7  33  00 
835  05 
9  43  30 
960  00 

1102  00 

12  56  00 
14  29  00 

14  60  44 

15  58  00 

16  48  11 

17  05  40 
16  02  00 

16  30  22 

17  32  26 
17  30  56 
17  25  28 
17  26  47 
17  24  30 
16  40  30 
16  35  00 
16  44  00 
14  42  00 
14  04  30 

13  44  00 
13  26  20 
13  18  25 

1  35 

7  45 

10,4 

4.8 

1  05 

7  17 

10.9 

6.0 

11  65 
11  60 

5  43 
5  38 

8.6 
7.3 

3.9 
3.4 

Ouro  River  entruice:  Bumford  Ft 

1^36 

6  23 

6.5 

2.5 

9  00 

2  50 

6.9 

2.7 

PoDga  River  entrance:  Observation  Ft. . . . 

7  30 

1  20 

11.4 

5.2 

ScwdesTUver;  W.  end  of  Yrfiiboi  I 

C-i 

^  t1 

L\^IL 

VBgtt  3S2]  APPENDIX  IV. 

MARITIME  POSITIONS  AND  TIDAL  DATA. 
WEST  COAST  OV  APHZCA— CoDdnued. 


Siena  Leo&e:  Light  on  cape 

N.  battery 

Sherbro  Isltmd:  N.ialand 

Sherbro  Biver:  Manna  Pt 

Qallinaa  River;  W.  elbowof  Kamasoim  I. 

Cape  Mount;  W.peak 

C»pe  Meeurado:  Lighthouae 

Monrovia:  Lighthouse 

Marshal];  Agent'shouse 

Grand  Bawa;  Agent's  houae 

Ceabw;  Factory 

Saogwin  River:  Sangwin  Pt 

Sinon;  Bloobarm  Pt 

CapePalmae:  Lighthouse 

Tabou  River:  Tabou  Pt 

AximBay:  Ft.  St.  Anthony 

Cape  Three  Pointa:  Lighthouse 

DixCove;  Fort 

Tacoiady  Bay:  Tacorady  Pt 

Chama  Bay:  Dutch  Fort 

ElMinaBay;  Ft.  St.  George 

Cape  Coast  CaaUe:  Lighthouse 

Accn:  Lighthouse ; 

Volta  River  entrance:  Dolbens  Pt 

Lagofl  River:  Lighthouse 

Benin  River  entrance:  N.  pt 

Brass  River:  Entrance  (approx.) 

Calebar  River  (New):  Rough  Comer 

Opobo  Biver:  W.  pt.  beacon  (approx.).,. 

Quaebo  River;  Bluff  Pt 

Calebar  River  (Old):  Judicial  Ho.  flagstaC 

(Duke  Town) 

Fernando  Po  Island :  Lighthouse 

San  Bento  Biver:  Joho  Ft.  (approx.) 

Princefl  Idand;  Diamond  Bocks,  center 

of  largest 

St.  Thomas  Island:  Ft.  Sao  Sebastian 

li^t 

Anno  Bon  Island;  Turtle  Islet 

Cape  Lopez:  Lighthouse 

MayumbaBay:  Lighthouse 

Loango  Bay;  Indian  Pt.  luht 

Black  Point  Bay:  Sandy  Pt 

MalembaBay:  LandincCove 

KabendaBay;  Kabenda  Pt.  light 

Congo  River  entrance;  Shark  Ft 

&fo^t«Head:  Sumnflt 

St.  Paul  de  Loando:  Flagstaff,  Ft.  San 

Miguel 

Lobito  Point:  Extreme 

BenfTUela:  Telepaph  office 

Elepnant  Bay;  Fnar  Rocks 

St.  MttryBay;  Bay  I 

Little  Fish  Bay:  Lighthouse 

Port  Alexander:  Bateman  Pt 

Great  Fiah  Bay:  Tiger  Pt 

Cape  Frio;  Extreme 

Walfisch  Bay;  Lighthouse 

Ichabo  Island 

Angra  Pequena;  Diaz  Pt 

Elizabeth  Say:  S.pt.of  Posaeesion  I 


8  30  W 
8  29  57 
7  40  36 
7  22  45 
7  DO  08 
6  44  30 
6  10  10 
6  19  00 
6  OS  06 

5  54  OS 

6  26  25 
5  12  42 
4  S9  15 
4  22  10 
4  24  47 
4  52  18 
4  45  00 
4  47  45 

4  53  00 

5  01  00 

6  04  48 
5  06  20 


6  46  DO 
6  26  15 
5  46  01 
4  16  40 
4  23  07 
4  27  00 
4  30  40 

4  57  53 
3  46  10 
1  35  00 


0  20  30 
LBt.e. 

1  24  18 
0  36  26 

3  23  00 

4  40  00 

4  49  00 

5  IS  30 

5  32  30 

6  01  36 
6  31  50 

S  48  24 
)2  20  00 

12  34  43 

13  12  30 
13  26  05 
15  09  00 

15  47  30 

16  30  00 
18  23  00 
22  57  00 
26  17  00 
26  37  62 
26  68  30 


13  18  30 
13  14  30 
13  04  30 
12  31  55 
11  38  46 
11  22  51 
10  49  25 
10  50  00 
10  22  46 
10  04  05 
»  34  45 

6  20  16 
902  06 

7  44  15 
7  21  30 
2  14  46 
2  05  45 
1  56  40 
1  45  00 
1  38  00 
1  21  05 
1  13  50 
0  11  30 


0  41  00 
3  25  15 
503  05 

6  15  00 

7  07  00 
7  40  00 

7  89  00 

8  18  57 

8  47  05 

9  39  00 

7  27  56 
6  42  45 

6  38  12 

8  43  10 

10  3S  00 

11  46  30 
U  46  00 

12  08  00 
12  11  00 
12  15  00 

12  25  25 

13  13  20 
13  32  00 
13  23  45 
12  48  55 
12  36  00 
12  12  00 
11  52  40 
11  42  00 
11  67  12 


14  3 


14  57  20 
16  07  02 

15  12  22 


1  30 
'i2'66' 
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MARIXnCB  POSITIONS  AND  TIDAL  DATA. 

1 

Fine. 

I44.B. 

lOTg-K. 

Lot.  Int. 

^    1 

H.W. 

l-W. 

in- 

N««.. 

North  NoUotli:Magwtr»te'B  house 

29  15  12 

30  18  33 
30  33  07 
33  07  61 
33  48  52 

33  5604 

34  21  12 

16  62  02 

17  16  20 

17  27  30 

18  01  21 
18  22  33 
18  28  41 
18  29  26 

k.   n. 
2  25 

*.   m. 
838 

is 

& 

BoodewaTBay 

2  20 

833 

6.1 

2.1 

1  36 

7  47 

4.6 

2.0 

BAST  COAST  OF  A7BI0A  AMD  TBB  BED  SEA. 

Simons  Ba  ■  L«bUiouae 

34  10  45 
34  23  48 
34  46  45 
34  49  45 
34  23  47 
34  U  10 
34  04  35 
34  06  15 
34  12  80 
34  0141 
33  57  43 
33  50  27 
33  36  09 
33  28  00 
33  23  10 
33  OS  10 
33  01  46 
32  42  00 
32  02  30 
31  48  15 
3138  06 
31  26  15 
29  52  40 
29  50  47 
29  00  13 
28  32  30 
2S09  36 

25  68  30 
24  05  30 
23  45  30 
22  05  00 
21  31  00 
20  38  10 
20  10  42 
18  52  50 
18  01  24 
17  51  60 
17  15  00 
17  OS  30 

15  33  24 

16  20  30 
15  08  00 
15  02  12 
15  00  45 
14  58  20 
14  53  00 
13  23  40 
12  55  45 
12  19  30 
1109  18 

18  27  30 

18  60  20 

19  38  17 

20  00  37 
20  48  40 

22  09  31 

23  03  38 

23  24  23 

24  60  20 
26  42  12 

25  37  21 

26  17  13 

26  64  10 

27  03  00 
27  20  48 
27  49  12 

27  55  02 

28  22  36 

29  06  40 
29  21  15 
29  33  16 
29  48  40 
31  03  41 
80  00  18 

31  51  39 

32  27  39 
32  38  10 

32  35  55 
36  29  45 
36  31  41 

36  29  00 
35  29  30 
34  53  30 
34  46  00 

38  11  47 
86  68  30 

37  01  09 

38  04  00 

39  06  27 

39  49  67 

40  03  57 
40  36  12 
40  48  46 
40  45  06 
40  45  10 
40  40  00 
40  46  00 
40  31  15 
40  40  09 
40  43  21 

235 

848 

6.2 

2.2 

2  40 

8  53 

5.2 

2.2 

pMtBeauiort:  F^gst&ff.... 

a  18 

9  31 

5.6 

2.0 

Enysiui  Hubor:  Founttuii  beacon 

Plettenbeig  Bay:  Summit  of  Seal  Pt 

3  21 

933 

5.4 

1.9 

Waterloo  Bay:  lUitland  sig^  HiU 

3  37 

960 

6.0 

1.8 

368 

10  11 

5.6 

1.6 

De^oa  Bay:  Pta.  Venuelba,'  (Reuben 

5  10 

11  22 

li.9 

3.4 

4  30 

10  42 

11.0 

3.2 

BofaU:  Port  on  N.  Hide  of  entrance 

4  15 

10  27 

13.5 

3.9 

Premeira  Islands:  Center  of  Casuarioa  I. . 
Angoxa  lelands:  Center  o!  Hurd  I 

Port  Mozambique:  St.  George  I.  light. . . . 
San  Sebastian  flght. . . 

400 

10  12 

11.8 

3.4 

Kumbalfllaud:  E.  pt 



^ 

, 

D 

Gn( 

jj^le 

Ti«a  SM]                                 APPENDIX  lY. 

MABimiB  POSITIONS  AHD  TUJAL  DATA. 
BAST  0OA8I  07  A7BI0A  AHB  THE  BSD  SBA— Coatinoed. 

1 

riAM. 

Ut.B. 

L«*B. 

Loo 

Int. 

-    1 

H.W. 

L.W. 

sw. 

Hmf. 

i 

10  4120 
10  19  22 
10  16  31 
10  06  43 
9  59  30 
944  22 
925  36 

5  57  16 
7  38  10 

6  49  41 
6  26  10 
6  09  43 
500  3& 
404  30 
3  12  48 
2  15  42 
2  13  35 
1  13  00 
022  35 

1  06'^ 
142  06 

2  0148 
230  00 

10  26  30 
1150  30 
12  26  00 
12  11  16 
12  39  00 

11  27  30 
11  13  00 

10  25  00 

11  22  00 

12  39  00 

14  44  00 
16  28  10 
18  37  12 

18  15  12 

19  07  00 

20  44  00 

23  36  20 

24  66  30 
26  06  24 
26  18  50 

26  45  48 

27  47  21 

28  20  52 

29  06  29 
29  53  05 
28  13  47 
27  36  46 
27  33  00 
26  13  00 
24  38  35 
24  05  15 
23  43  50 

21  28  00 
20  09  00 
19  55  30 
19  07  40 
18  15  50 

40  38  35 
40  26  34 
40  10  33 
40  02  14 
39  46  41 
39  47  07 
39  39  31 
39  30  42 
39  64  42 
39  17  05 

38  54  27 

39  1108 
39  10  20 

39  41  13 

40  11  21 
40  66  21 

40  59  40 

41  54  15 

42  33  57 

44  03  27 

44  53  49 

45  24  39 

46  07  00 
51  22  65 

51  16  46 

62  09  36 

52  25  35 

63  69  31 
49  35  40 

47  17  00 
44  59  35 

43  29  36 
43  25  35 

40  62  00 
89  45  30 
39  27  23 
38  19  30 
37  19  09 
37  15  30 
SS  10  16 

35  51  00 
34  17  03 

34  50  45 
33  59  43 
33  42  28 
33  06  31 
32  39  43 

32  32  60 

33  36  56 

36  30  30 

35  82  30 

36  27  00 

37  17  45 

38  02  45 
.39  00  30 

39  10  38 

40  12  00 

40  30  00 

41  03  20 
41  27  30 

359 

K     M. 

10  11 

ifs 

^3 

Mmmbati:  RasMatiinda 

Mikindini  Harbor:  Kinizi      . 

3  55 

10  08 

10.9 

4.6 

KilwaKiriwani;  Fort..." 

.     .  . 

7^n»iKQ;-   trnj-lioh  «,r,»,.lflt^i 

406 

10  17 

14.5 

6.0 

Mombasa:  Lighthouse 

PortMelinda:  Vaacode  Gama's  Pillar.... 

4  00 

10  13 

12.1 

6.0 

Maoda  Roads:  £.  side  of  Handa  Toto  I. . 

4  30 

10  42 

11.7 

4.9 

Kisimayu  Bay:  S.  pt.  ol  Kuiinayu  I 

4  15 

10  27 

7.6 

3.1 

Meurka  Anchorage:  S.pt.oftovn 

RasE^un:  E.  extreme  of  Africa 

600 

12  12 

6.1 

2.5 

Abd-al-Kuri  Island:  NE  pt 

Sokotm  Island:  Tamarida,  mosque 

Has  Antareh:  Exb«me  of  rocky  pt 

MBit  Llonrf-  r.ont«. 

7  05 

1  17 

7.5 

3.1 

7  30 
760 

1  18 
138 

8.5 
7.2 

3.6 
3.0 

Disei  Island:  Villase Bay..  . 

046 

6  57 

4.0 

L7 

2  10 

822 

L7 

0.7 

Makaua  Island:  8.  pt. 

DfedaluB  Sboal;  Liriithouse 

6  40 

0  28 

2.0 

0.8 

RBfBJBhTdonrl-   N    ....nmit 

10  35 
10  40 
10  45 

4  23 
4  28 
4  32 

1.6 
5.5 
6.8 

0.6 
2.3 
2.8 

Ti^H.h-  To,rr«h  ol  MifBot.  T 

3  30 

942 

2.0 

0.8 

ICimfi^ii).-  TxlRt 

,di),Google 


APPENDIX  IV. 

IfABimiE  POSITIONS  AND  TIDAL  DATA. 

BAST  OOA8T  OF  AFBIOA  AUD  TOE  BXD  SEA— Contmued. 

Pa««  sat 

i 

Ptooe. 

lALV. 

Loog-K. 

— ■ 

Buco. 

H.W. 

L.W. 

Sk. 

N«p. 

2 
1 

16  60  15 
16  63  00 
15*2  00 
16Z0  30 
14  47  00 
14  03  53 
13  19  43 

41  58  15 

42  20  00 
42  38  45 
42  34  00 
42  66  00 

42  45  28 

43  13  36 

K  n. 

1.  ■• 

ft. 

ft- 

1  16 

727 

2.9 

1.2 

11  46 

6  33 

4.6 

1.9 

iShAjma  6F  THE  nroiAN  ooban. 

1 

! 
1 

1 

11  40  45 
11  36  00 
11  27  30 
11  13  00 
1106  00 
10  47  00 
10  32  00 
10  06  00 
10  03  00 
8  16  00 

665  00 
6  69  00 
626  00 

5  26  30 

6  01  30 
425  46 
444  00 
4  10  16 
3  4100 

2  67  00 

3  16  00 
2  10  30 
207  00 
0  14  SO 

Lat.S. 
0  41  30 

6  40  66 

4  62  26 
553  00 

4  37  15 
343  06 

6  16  00 

7  13  87 
16  26  12 
19  40  22 

19  52  36 

19  59  45 

20  08  46 
20  05  39 
20  24  20 

72  42  54 
7209  64 
72  6S  00 
72  44  00 

72  4100 

73  40  00 
72  37  40 

72  16  10 

73  35  54 
73  01  16 

72  56  54 

73  12  64 

72  41  54 

73  20  00 
72  53  00 

72  57  24 

73  28  00 
73  30  24 
73  24  64 
73  34  24 

72  48  00 

73  03  00 
73  36  64 
73  13  00 

73  06  54 

63  4103 
53  23  38 
66  27  10 

66  27  23 

66  12  19 

7143  47 
72  23  60 
69  46  40 
63  26  38 

67  S9  14 
57  32  35 
67  29  26 
57  33  09 
57  47  14 

Kittftn  Met:  S.  end  . 

10  20 

400 

6.3 

3.0 

1127 

S  16 

2.6 

L2 

Kee-Uh  Island:  N  end 

MahEuQduIaUnd:  NE.  extreme 

Hal«  or  Kings  Island:  FlasataS    

a2o 

625 

2.9 

1.4 

'  Port  Victoria :  Eo'dof  Hodoij 

422 

10  36 

4.3 

L2 

Chagoe  Archipeluo,  Peros  Banbos:  Dia> 

mond  Islet 

DiegoQucia:N.eDd 
of  Middle  I 

CaigadM  Carajos:  Establiebment  I.,  flag- 

130 
1  60 
020 

743 
803 
632 

5.8 
4.0 
6.5 

1.7 
1.2 
LB 

ln.tT.lBnH-   Tnghtl.^.<» 

PortLouia:  MarteUo'tower,  Ft.  George... 

048 

700 

1.6 

0.8 

Giand  Port:  Fouquet  1  light  .    ... 

.Google 
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MARITIME  POSITIONS  AND  TIDAL  DATA. 
ISI.Ain>8  OF  THE  INDZA3V  OOBAN-Contuiued. 

1 

PlSM.. 

Lat.B. 

L™g.E. 

Lm-Int. 

«- 

H.W. 

L.W. 

Bp*. 

Ump. 

' 

20  6138 
20  53  11 

20  69  45 

21  19  47 

15  51  37 
10  21  30 
10  06  46 

7  00  30 
7  06  00 

25  39  10 
25  12  30 
25  03  00 

23  3S  25 

22  05  18 
21  64  24 

20  IS  18 
19  49  30 
17  53  00 
17  29  DO 

10  12  10 

16  07  00 

15  46  30 

16  43  45 
15  11  42 

14  40  16 
13  59  00 
13  65  40 
13  27  15 
13  23  38 
12  49  30 
12  27  20 
12  03  18 

11  67  30 

12  23  a 
12  44  02 
12  49  00 

12  66  48 

13  21  IS 

15  IS  48 
15  64  60 

15  27  66 

16  14  00 

17  00  05 

16  42  30 

17  23  18 

18  09  47 

19  66  00 

21  68  10 

24  46  26 
24  59  42 

24  58  60 

25  0130 

22  22  30 
21  29  00 
12  26  30 

12  47  02 

12  16  20 
12  26  00 
11  34  48 
11  40  44 
9  46  20 

66  26  69 
65  36  18 
65  16  18 

65  28  68 
54  28  46 
56  32  00 

51  10  21 

52  44  67 

66  22  00 

46  06  60 
44  17  57 
44  07  20 
43  38  20 
43  16  20 

43  20  21 

44  19  21 
44  3130 
44  02  20 

43  46  18 

44  29  05 
46  17  09 
46  43  09 
46  18  45 

46  67  29 

47  24  36 
47  68  21 
47  48  05 

47  59  30 

48  17  34 
48  38  57 

48  45  45 

49  11  21 
49  17  25 
49  36  66 
49  45  06 
49  64  00 
49  56  25 
60  01  69 
60  31  21 
60  16  05 
49  49  11 
49  60  59 
49  50  59 
49  56  15 
49  32  04 
49  26  31 
48  52  10 
48  14  50 
47  10  34 
47  07  20 
47  04  24 
46  69  11 

40  24  10 
39  40  39 

46  32  36 

45  16  27 

44  24  54 
43  47  00 

47  24  09 
43  19  15 

46  31  07 

I.   m. 

».    m. 

fl. 

fl. 

11  60 

638 

3.5 

0.6 

Alp^onee  Island:  8E.  part  (Tre«e) 

Coetivy  Island;  N  end.-. 

840 

11  62 

0.8 

2.9 

Murderere  Bay:  Ctrnter  of  Murder  I 

4  16 

11  28 

10.9 

3.2 

KiiXS?f¥. 'ir^ .  °T :::::::;: 

Kadama  laloads;  N.  pt.  Noeouvee  I 

Pcit  Liverpool:  N.  pt.  ot  entiance 

PortLookS:  Pt.  Bathurst 

PortLeven:  S.  pt  Nod  Hau  I 

FortCfioiMul:  l&no Seelzy  Village 

345 

9  67 

6.1 

L6 

St.  Marys  Island:  Light  on  Madame  I 

400 

10  12 

7.3 

2.1 

Santa  Lucia :  N.'end  of  town,  Obe.  Eock . . 

4  15 

10  27 

4.7 

L3 

400 

10  13 

U.9 

2.0 

Joh'tuma  Island:  Landing  place,  Fomoni 

Mohilla  LOand:  NumaChoa Harbor 

Comoro  Island:  laletinMauroniBay 

4  45 

10  68 

10.0 

L7 

Dintizo 

.,C:ic 

)Og 

e 

APPENDIX  IV.                                    [Pag*  S27 
KAMTIME  POSITIONS  AND  TIDAL  DATA. 
ISI.ANDS  OF  THE  INSZAS  OOEAK— Contmued. 

i 

Pboa. 

JM..S. 

LoncE. 

Um-lnt. 

-    1 

H.W. 

L.W. 

Bpf. 

N.p. 

i 
1 

e 

i 

Aldabniel&nd:  WeBtL.E.sideentnnce 
Cosmoledo  Islands:  ObMrvation  ialet . . . . 
Prince  Bdwaida  Islands:  Marion  I.,  Obe. 

922  36 
9  41  20 

46  49  30 

46  36  00 
46  22  00 
46  01  00 
46  28  18 
46  10  40 
46  26  00 

48  40  00 

48  26  45 

49  42  00 

49  21  22 
49  4100 
49  29  00 

53  02  45 
&3  13  00 
63  02  60 

38  42  51 
37  50  00 
12  06  22 
10  25  19 

46  14  62 

47  32  25 

37  49  15 

60  41  30 
51  30  16 
50  40  00 

61  60  00 
60  35  00 

62  13  00 

69  04  00 
68  48  20 
68  54  00 

70  04  31 
70  16  00 
70  29  50 

73  16  30 
73  52  00 
72  31  46 
77  3163 

77  29  15 
96  63  02 
105  45  57 

k.    ■■. 

i.     M. 

fl. 

fl. 

Penguin  Islands  Center  ot  SW.  idet 

Twelve  Islands:  SummitNE.I 

Navire  Bav 

T?«rtTBl.nH-  r«.toF 

Holloy,  Port  Eij^  Sound:  U.  8.  Tr.  ot 

0  14 

636 

4.6 

1.3 

Hokrd  Island:  Cap6  Lauj«ns,  NW.end... 

McDonald  Island,  Svunmit 
St  PanlB  laland:  Ninopin  Eock 

KeelingorCocoa  lalanda:  Direction  I 

Christmas  Island:  Flying  Pish  Cove. 

10  40 

10  50 

6  20 

7  10 

428 
4  38 
11  32 
100 

3.0 
3.3 
5.1 
45 

0.9 
10 

1.5 
1.3 

SOUTH  COAST  OF  ASIA.                                                               | 

i 

1 

12  47  16 

13  22  00 
13  24  60 

13  28  45 

14  20  10 
14  31  15 
14  43  60 
14  49  00 
14  54  40 
16  12  00 
16  38  00 
16  30  00 

16  69  00 

17  32  46 
17  53  15 

19  00  25 

20  10  00 
20  31  30 

22  32  40 

23  38  00 
23  62  00 

23  61  30 

24  21  60 

25  2100 

26  24  13 
26  30  00 

25  21  84 
24  29  02 

26  17  24 
26  10  65 
26  13  68 
30  32  00 
29  22  66 

44  59  07 

45  40  50 

46  26  36 

46  39  00 

48  56  45 

49  07  35 
49  36  05 

49  57  05 

50  16  35 

61  10  30 

62  14  20 
52  48  00 

54  43  29 

66  03  05 
56  20  35 

67  51  35 

68  38  35 
68  58  35 

59  48  35 
58  30  60 
68  08  00 
67  26  00 
56  46  12 
66  22  56 
66  32  22 
66  31  20 

55  24  12 
64  22  14 
61  33  32 
61  13  46 

60  31  18 

47  61  23 

48  00  65 

7  49 

141 

4.9 

2.0 

820 

207 

6.8 

2.8 

8  50 

238 

7.0 

2.9 

9  45 
9  15 
9  30 

3  32 
3  03 
3  20 

9.6 
8.9 
6.0 

4.4 
4.1 
2.8 

EhoT  Fakan  Bay;  W.  end  ot  village 

Shariah:  Hi^  tower  with  flagstaff 

Al  fioda'a  Harbor  rNeeeah  Pt.,  N.  extreme 

5  15 

11  30 

6.4 

3.7 

0  05 

6  17 

8.3 

4.8 

w 
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MAEITIME  POSITIONS  AND  TIDAL  DATA. 
BOirrH  COAST  OF  ASIA— Contmned. 

1 

Ptaoe. 

Lat.N. 

Lo«.R. 

Lim. 

Int. 

-    1 

H.W. 

L.W. 

BPC. 

N«p. 

1 

■ 
3 

i 
1 

29  15  25 
28  69  07 
26  47  40 
26  33  37 
26  39  12 
26  40  49 
26  57  27 
25  38  19 
25  29  45 

25  16  43 

26  03  17 

26  07  19 
25  15  52 
25  11  65 
25  25  19 
24  50  03 

24  47  37 
24  49  50 
22  50  00 
22  29  20 
22  14  00 
22  14  00 
21  38  00 
2106  00 

20  41  20 

21  02  21 
21  47  00 

21  35  54 

22  17  00 
2106  20 
21  12  19 
19  20  10 
18  63  45 

15  42  08 
17  58  00 

16  69  30 
16  33  26 

15  05  12 

16  21  24 
15  29  25 
15  51  10 
15  53  20 
14  49  00 
14  25  00 
14  17  28 
13  38  15 
12  62  17 
11  51  10 
11  45  00 
11  42  00 
11  15  10 

9  58  00 
930  00 
8  53  20 
8  30  47 
8.29  65 
804  00 

8  47  10 

9  17  20 

60  21  n 
50  60  35 

53  23  36 

54  02  21 
65  16  47 

65  54  25 
56  17  37 
67  45  67 
69  40  32 
aO  37  40 

61  28  24 

62  19  42 

63  28  37 

64  37  02 

66  35  39 
66  39  58 

66  68  06 

67  01  33 
'  69  20  15 

69  06  15 

68  67  06 

68  68  64 

69  36  00 

70  06  32 
70  60  46 
7149  36 
72  14  00 
72  2108 
72  36  10 
72  38  40 
72  49  27 
72  48  44 
72  48  56 

72  48  49 

73  02  40 
73  15  56 
73  19  39 
73  64  60 
73  64  00 
73  46  10 
73  37  00 

73  27  15 

74  03  40 
74  22  30 
74  26  40 
74  39  60 

74  50  40 

75  21  51 

75  29  40 

76  31  10 

75  46  40 

76  14  40 
76  20  40 
76  34  00 

76  56  45 
78  07  47 

77  32  36 

78  11  26 

79  12  50 

1.    -. 

\.   m. 

ft. 

ft- 

7  12 

1  13 

2.6 

1.5 

BhaikhShu'aiblBlet:'E  end 

0  30 

6  40 

6.6 

3.8 

BiBidii:  Chapel 

10  50 
9  20 

4  35 
3  05 

11.6 

7.8 

5.3 
3.6 

Kub  Kftlat:  Hidi  peat,  1,680  feet 

GwalarBay:  Wet..... 

9  20 

305 

8.1 

3.7 

I^oni:  TelKraphoSi^    . 

8  60 

2  35 

8.1 

3.8 

Cape  MoDze:  Peak. 

■K-.«rl,i-   Vann™  ll>h( 

10  16 

400 

7.3 

3.4 

Beyt(Bet):  Liffhthouae 

12  05 

5  39 

10.8 

5.2 

d™&  LigXJSS!^;:....::::::::::: 

Porbandu:  Lwhthouoe 

pfuS^:  i^Z!SS^: 

4  27 

11  18 

29.8 

16.1 

Cambay:  Fla«taB. 

Siimf-  MmoKrt  iHm«.h 

11  26 

5  OS 

12.0 

4.9 

K«nety  Mand  Ikht 

Bantot:  Fort  Victoria. . . .  -T 

ViBi«£ue:  Fort  Flamtafl 



Cape  Hamas:  W.  button  of  fort  . . 

10  34 

4  10 

5.2 

2.6 

Sedaahigar  Bay:  Oyater  Rock  light 

10  34 

4  11 

6.0 

2.4 

10  60 

4  28 

6.5 

3.4 

Tellichem-  FEigataff 

11  21 
11  33 

4  59 
506 

2.7 
2.1 

L4 
1.0 

0  18 

6  16 

2.6 

1.3 

1  52 
137 

7  51 
7  36 

3.0 
2.0 

0.8 
0.5 

ijGoogle 
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Manaar:  Center  of  town 

Colombo:  I^iehthouse 

Dondra  Eeaa:  Li^tliouBe 

FoiutdeOftUe:  Lighthouse 

Great  Baaeu  Rocks:  L^thouse. . 
Little  Baems  Rocks:  Lighthouse. . 

Batticaloa:  Lighthouse 

Trincomali:  Dock-yard  flagstafi... 


Calimere  Fomt:  Lighthouse. 

Negapatam:  Li{>hthouBe 

Fondicheni:  Ligbthouae 

Hadiu:  Ohewv«tory 

Li^thouse 

Pulicat:  Li^thouM 

Anue^iOD:  Lighthouse 

Kistna:  Lighthouse 

MasnlipftUm:  FlagBtaff 

Coconwla:  Lighthouse 

Vizagapabun:  Fort  flagatafl. 
KalingapMtam:  Lighthouse.. 

Gopalpur:  Lighthouse 

Gaujam:  Fort. 


JuKgernsth:  Great  temple 

Fuae  Point:  Li^thouae 

Balaaor  Biver:  Chandipur  light. . 


Saugor  Island:  L'ghthouee 

Diamond  Harbor:  Flagstaff. . . 
Calcutta:  Ft.  William  semaph< 


Chittagoug  Biver:  I>i«^thouse. . 

Akyxb:  Ovstor  Reef  ugbt 

Old  temple 


,_,  ,  .       Eitreme 

Battein  River:  Alfuada  Reef  light 

Baseein:  Port  Dalnousio 

Andaman  Is.:  Table  Id.,  Lighthouse 

Port  Comwallis,  Bock  in 


SE.pt 

Krishna  Shoal:  Light  vessel 

Rangoon  Biver:  Grove  Pt.  light 

Rangoon:  Great  Dagon  pagoda 

Moulmein:  Docks 

Moulmein  River:  Amherst  Pt.  light.. 

Double  Island:  Lighthouse 

Tavoy  River:  Lighthouse 

Uergui;  Courthouse 


Toi^ka    Harbor,    Junkseylon     Island: 

Lighthouse 

Pulo  Penang:  Fort  Comwallis 

Dinding  Channel:  Hospital  Bock 

One  Fathom  Bank:  Lighthouse 


8  59  00 
6  56  40 

5  5S  30 

6  01  25 
6  10  10 

6  26  00 

7  46  GO 
S  33  30 

10  18  00 

10  45  28 

11  55  40 
13  01  08 
13  06  16 
13  25  15 
13  53 

15  47  00 

16  OB  45 
IG  66  21 

17  41  34 
IS  19  00 
19  13  00 
19  22  30 

19  48  17 

20  20  20 

21  27  15 

21  38  40 

22  11  10 
22  33  25 


18  51  00 
18  60  30 
16  01  30 
15  42  14 
Ifl  01  30 
14  12  30 


79  53  62 

79  50  40 

80  34  12 

80  13  04 

81  28  15 
81  44  00 
81  41  00 
81  13  42 

79  61  30 
79  50  47 

79  60  10  . 

80  14  65  . 
80  17  27 
80  19  12  . 
80  12  30  . 

80  59  0~ 

81  11  00  . 

82  15  05 

83  17  42 

84  07  30  . 

84  52  06  . 

85  03  29  . 

86  49  09  . 

86  44  00 

87  02  20  , 


91  49  00 

92  39  00  . 

92  52  40 

93  56  30  . 

93  31  00  . 

94  13  16  . 
»4  12  00  . 
94  23  00 
93  22  30  . 


I.  n. 


10  27  00 

15  37  26 

16  30  01 
16  46  e 
16  26  00 
16  04  46 
16  52  e 
13  36  40 
12  26  16 
12  06  00 
10  05  0" 

9  58  00 


7  50  00 
5  24  45 
4  13  05 
2  52  10 


92  31  10 

95  37  32 

96  23  00  . 

96  07  30 

97  38  DO 
97  33  05 

97  35  00  . 

98  13  00 

96  35  6 

99  03  00  . 
98  10  15  . 

97  36  00  , 


98  25  30 
100  21  44 
100  34  IS 
100  59  12 


A.   m. 
"7'49'  ' 

"k'oi' ' 

"i'44' ' 
"237" ' 

'2'2d"  ' 


9  06 
7  56 


4  26 
3  07 
2  12 


1L2 
13.1 


16.9 
11,7 
19.2 


11  50         5  40 

"s'so  '"i2'66' 


6.8      3.8 
i4.'4""6.'2 


r>' Google 
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CapeRachado:  Ligfathonae 

MaJokka:  Stat.  St.  Pauls  HiU 

Singi^re  Strait:  Coney  Island  light 

Singapore;  Cathedral  tower 

Singapore  Stnut:  Fedra  Branca  light. . . . 
Summit  Bintang  great 

hill,  125SfBet 

Rhio  Straits,  PuloSauh:  L^thouae 

Terkolei:  Lighthouse 

Little  GarrsH:  Lighthouse.. 
IUuo,B'''^'''8 Inland;  Reddency flagstaff, 

Fitoiig  Island:  Peak 

AbaogBeear  Island:  N.  pt 

Tjinw  Island:  FtagstafF.  - ..-..--... 

Singkep  Island:  Mountain  summit 

Menali  Island:  N.  pt 

Nirobar  Islands,  Cat  Nicobar:  N.  pt 

Nicobar  Islands,  Nancowry  Harbor:  Na- 
val Pt 

Great  Nicobar:  W.  pt. 
GalatheaBay 

Acheen  (Acheh)  Head:  Pulo  Bras  light.. 

N.  extreme 

Diamond  Point:  Lighthouse 

Point  Baru  or  Dntu;  Extreme 

Point  Bon  or  Djabon:  Extreme 

Uoeara-Eompeni:  Fort 

Djambi:  Flagstaff  of  fort 

Patembsug:  Residency  flagstaff 

LatnpODg  Bay:  Telok  Betong  light 

BlimoingBay 

Krofl;  VDlage 

Engano  Isluid:  Barioe  anchorage 

Bint<8an:  River  mouth 

Uega  Island:  N.pt 

Benkulen:  Lighthouse 

Bantal:  Villo^ 

Indrapura  Point:  Extreme 

Pieang:  Lighthouse 

Fadang:  Lighthouse 

Siberoet  Island:  Sigeb  Pt 

Katiagani:  Village 

Batoe  Islands:  N.  point  of  Simoe  Islet. .. 
Summit  of  Telle 

AyerBangis:  Fortflagsiaff , 

Natal:  Fort  flagstaff 

Nias  Island:  Lagoendi  Bay 

Sitoli 

Siboga:  FbgaUff 

Singkel:  Post  office 

Bangkaru  Islands:  Bay 

Simaloe  Island:  NW.pt 

Tampat  Toewon:  Flapitaft 

Analaboe 

Batoe  Toetong:  Landing  place 


2  11  30 
1  09  67 
1  17  33 
1  1ft  67 

1  04  20 
1  03  13 
0  67  10 
044  30 
0  56  50 
0  36  62 
0  36  30 

I«t.s. 
0  12  34 
0  26  13 
0  67  61 


6  46  00 
6  34  40 
6  15  68 


1  35  33 

2  60  26 
6  27  00 
5  55  02 


3  47  22 
2  44  54 
2  10  35 
0  59  56 
0  57  63 
0  53  58 
0  07  41 
0  03  13 
0  02  66 

Lat.  N. 
0  11  41 
0  33  11 

0  34  47 

1  17  36 
1  24  16 

1  44  24 

2  16  47 
2  02  32 

2  61  30 

3  14  69 

4  08  14 
4  38  21 


101  51  02 

102  16  00 

103  44  47 

103  51  11 

104  24  OR 

104  27  21 
104  10  30 
104  19  62 
104  21  19 
104  26  43 
104  04  42 
104  11  31 

104  36  14 

104  30  IS 

105  38  20 

92  48  00 

93  29  42 


95  04  33 
06  1ft  00 
97  30  11 


103  69  14 

103  36  41 

104  46  34 
106  16  68 
104  32  36 
103  65  42 

102  07  28 

103  20  18 

101  00  58 

102  14  50 
101  17  25 
100  50  06 
100  19  28 
100  20  19 

98  53  68 

99  45  20 
98  06  55 
98  16  43 


99  22  09 
99  06  33 
97  43  43 
97  36  46 
97  12  28 
08  46  08 
97  46  06 
97  06  63 

96  66  02 

97  10  13 
96  07  23 
95  34  29 


.'Gdogl 
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BAST  OOASI  OF  ASIA. 

1 

Pkoa. 

LU.8. 

1««.R. 

LmLlnt. 

Bux*. 

H.W. 

L.W. 

8K.    j   N*«.. 

1 

■ 

3 
i 

\i 

i 
i 

s 

644  30 
6  08  46 
6  )2  17 
3  13  05 
3  00  48 
2  34  18 
2  23  20 

2  04  03 
1  38  26 

1  29  00 

3  19  10 

2  66  62 
2  52  06 
2  44  40 
2  33  12 
2  24  30 

133  24 
207  00 
2  26  30 

IM.M. 

0  07  26 
0  14  19 
0  06  37 
065  00 

0  56  62 

1  00  27 

1  34  41 

2  18  10 
2  25  00 
2  44  31 
1  6142 

4  03  00 

4  31  00 

LM.S. 

6  04  15 
8  01  20 
«  07  40 
6  35  45 

5  66  15 

6  43  00 
6  61  09 
6  61  29 

6  67  00 
«42  18 

7  12  10 
7  37  30 
702  00 
7  02  30 
7  43  25 

7  49  00 

8  12  30 
8  47  00 
8  32  00 
7  46  30 
7  25  00 

105  11  48 

105  26  58 

106  27  33 
106  13  02 
106  27  22 
106  50  36 
105  44  30 
105  09  45 

105  46  28 

106  67  30 

107  12  42 

106  54  38 

107  00  43 
107  38  46 
107  37  15 

107  03  33 

108  55  13 
104  17  00 

104  34  06 

107  13  00 

108  01  47 
108  37  05 

106  46  00 

107  32  67 
106  24  1ft 
106  18  27 

105  35  58 

105  52  00 

106  22  67 

108  38  55 

107  21  40 

107  42  30 

105  63  06 

106  08  20 
106  48  37 
106  49  11 

108  22  37 

108  34  00 

109  08  07 
100  41  08 

110  25  03 

111  20  32 

112  43  58 
112  56  00 

112  41  00 

113  63  45 

113  41  10 

114  26  53 
114  22  66 
114  26  13 
113  16  00 
100  02  12 
106  24  30 

H.   m. 
530 
660 

».   «. 
1142 
0  37 

3.8 

LI 

Nwth  Watcher  Island:  Liglkthouse 

[9  05] 

[3  52] 

[10.1] 

[6  50] 

[0  38] 

[9.3] 

Blinyu          . 

[2  08] 

[8  21] 

[5.6] 

1>i.lnIaI.W-   Tl^hthmiM. 

Billiton  Idand :  taujong  PaudaD  flagstaff. 
LangfciMB  I.  light 

[3  17] 

[9  29] 

[6.6] 

St.  Barbe  iBland:  Center  of  W.  eide 

Tambanl.oba.at&tion. 

Natima  IeUui<bi  Pyramidal  rocka 

Semionel 

7  11 

0  68 

2.4 

0.7 

[1168] 

[6  46] 

[3.0] 

Boojnpjeo  Island:  Hacket  I.  li^t 

Cheribon:  Lighthouse 

Pc£alon«an:  Light  W.  of  entr&oce 

[6  00] 

[12  13] 

[4,0] 

12  07 
11  44 

5  54 
5  31 

4.0 
6.2 

1.7 
2.3 

Ro'iijninngn-  Pnrt.   ' 

10  00 

3  46 

7.8 

2.6 

lt.r„„g  Talon^"    R    p* 

833 

2  21 

6.2 

1.8 

ijGoogle 
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i 

Phn. 

LM.B. 

L0Bg.E. 

-  LmLlst. 

E-f-        1 

H.W. 

L.W. 

Bgt. 

N•^^ 

1 
1 

a 
1 

1 

1 
1 

Kttrimon  Djawa  Island:  FlagBtofl 

Rawean  Idand:  Sangkapum  flagstaS 

6  62  57 
b  51  18 
582  28 
&(K46 

5  05  30 
8  21  00 
842  30 
8  23  00 
8  94  16 
832  00 

8  12  30 
8  27  00 

6  31  00 

7  30  00 

7  35  00 
605  60 
6  07  00 

5  15  00 

6  17  00 

6  43  00 
528  30 

8  16  15 
860  55 
8  04  45 

7  48  00 
820  30 

8  33  00. 
834  00 
8  12  00 

8  34  00 
900  00 

10  08  64 
10  46  00 
10  29  00 

9  35  03 

7  53  00 
738  00 

8  12  00 
8  14  00 
703  00 
644  00 

5  32  50 
755  00 
7  04  00 
636  00 
705  00 

6  20  00 
6  56  00 
520  00 
444  00 
4  33  00 
403  06 
4  31  63 
322  48 

2  65  62 

3  41  00 
1  44  00 
1  48  12 
228  00 
1  30  00 
1  11  21 
204  00 

110  28  29 
112  39  10 
114  23  42 

114  36  00 
116  03  48 

115  28  00 

116  08  47 
116  27  30 

116  04  09 

117  20  33 

117  67  00 

118  43  66 
118  43  00 
117  66  00 
117  22  00 
lis  56  50 

122  40  00 

123  32  00 
123  59  00 

126  43  30 

127  30  00 

120  29  65 

121  38  40 

122  62  00 

123  31  OO 
123  16  00 

123  22  00 

124  08  00 

124  23  00 

125  33  57 
124  62  00 
123  33  67 
122  52  00 

121  46  00 
120  14  30 

126  22  00 

127  10  00 

128  0100 

129  00  00 

128  28  00 

129  29  00 

130  17  44 

131  23  30 
131  65  00 

131  34  00 
134  31  00 
134  40  00 

132  54  00 
131  58  00 
131  47  00 
131  50  00 
131  25  23 
129  53  18 

127  06  18 

128  07  04 

128  10  00 

122  20  00 
126  21  19 

126  01  00 

127  18  00 

129  56  48 

130  12  00 

k.    m. 

^-. 

ft. 

Jl 

Peak,  li;326  ft 

BadoDg  Bay.  KotU  vilkge. . 

10  60 

438 

8.7 

3.0 

760 

1  37 

6.8 

2.0 

Tambora  Volcano,  mmmit 

000 

612 

5.7 

2.0 

Maria  Reigersbo^n  I. 

BriU  Reef:  Lighthouse 

To£en  Been  I.:  Wangi-Wingi,  NW.  pt. . . 

Flores  Head,  eilreme 

Komba  Inland;  Peak  8  part 

Adena/a Island:  SummiLMountWoka... 

Lombata  Island:  Mount  Lamaraiap 

Pantar  Island:  8.  peak  o(  saddle  on  S.  pt. 

0  45 

668 

6.7 

2.0 

Koupang,  FortConcoiijia.. 

10  60 

4  37 

8.6 

2.9 

Sam  Island:  Seba  Bay,  on  NW.  side 

11  20 

6  07 

16.6 

5.6 

Moa  Island:  Bufialo  Peak,  4,100  tt 

Damma  Island:  Eulewatta  Harbor,  N.  pt. 

Mano  or  Bird  Island:  NW.  extremity 

Timor  Laut  Island:  Olilet,  on  E.  coast... 

Mulu  Island:  N.  pt 

N  pt 

146 
1  20 

7  57 
7  32 

9.0 
4.2 

6.6 
3.1 

Bouro  Island,  Kajeli:  Fort  Defense 

2  20 

832 

7.6 

6.8 

Sula  Islands,  TalJabo  Ishtnd:  NW.  pt. . . . 
Mangola  Island:  E.  pt 

Popa  iBland:  Outer  Extremity  Bay 

t~oogle 


APPENDIX  IV. 

UARITIME  POSITIONS  AND  TIDAL  DATA. 

XABT  OOASI  OF  ABtA— Continued. 


[Pft«e  333 


Gobeylaland:  NW.pt 

Balmahera  I.,  CapeTabo:  £.  eibeme-.- 

(Gillolo  I.)  Cape  Salaw^:  N.  E.  pt.. 

Derrick  Point:    N.  ez- 

MakkianorMakjaal.:  FortReaburgh'.! 
Temate  Island:  Reaidency  flagstaff 

Bfttian  Island:  Church 

TanjongDatu 

Sariwai  River:  PoPtli^t 

Saiiwak:  Fort. 

Cap*Sirik:  Lighthouse 

Twijong  Banam 

Bruni  River:  Ligbthonse. 

Labimn  I. Victoria  Hbt.:  Lighthouse. . . 

Sondakan  Harbor:  Fbgstaff 

Unsang;  Anchorage. 

Tanjong  Haugkalihat  E.  pt.  of  Bcmeo — 

PamarooDg  I. :  E.  pt.  delta  River  Eoetei . . 

Pulo  I^nt:  B.  pt.  Koengit  Islet 

Selatan  Point:  Extreme  of  Sita  Pt 

Bondjennaein :  Residency  fla^taS 

Sampit  Bay:  Bandanm  Ft 

Kottaringia  Bay:  SamadraL 

Succadana:  Town 

PaduigTikar:  Point. 

Port  Laykan :  SW.  pt.  of  Celebes 

Makassar:  Fort  light 

Palos  Bey:  Village  at  head 

Cape  Rivera:  NE.  Cape,  Slime  Islet 

GoTontalo:  Li^thouse 

Hanado  Bay:  Lighthouse 

Bajuren  Island:  Summit 

Tagulandft  Island:  Peak 

Seao  Island:  Conical  peak 

Sauguir  Island:  8.  pt.  Cape  Falumbatu. . . 

Taluat  Island:  Eabruangl.,  SE.  pt 

Cape  Fleeko:  Extreme 

CapeTalabo:  E.  end 

Wowoni  Island:  N.  )^ 

Bouton  Island;  N.  pt 

B.pt 

Fort 

Cape  LasBs:  Extreme 

Sabyar  Island:  N.  pt 

8.  pt 

Balabac  Island,  Cape  Helville:  Light- 
house  

Palawan  Island,  Cape  Buliluyan:  S.  ex- 
treme  

Victoria  Peak,  5,880  It. . 
Port  Royalist:  Tide  Pole 

Pt.  Lfeit 

TaytayPort 


002  02 

0  11  00 

1  26  00 

2  12  00 
0  24  00 
0  47  13 


Lat.N. 
2  05  1& 
1  43  50 

1  33  65 

2  46  20 

2  36  15 
5  02  00 
5  15  25 
5  50  24 
5  16  30 

1  01  12 

Lat.B. 

0  45  00 
4  05  42 

4  10  40 

3  16  56 
3  16  00 

2  64  00 

1  14  00 
040  00 

5  36  00 

6  08  09 

0  67  00 

Lat.t(. 

1  20  00 

0  29  41 

1  31  00 

2  07  00 
2  22  00 

2  44  00 

3  21  00 
3  49  00 
0  27  00 

LaLB. 
0  46  00 

3  58  00 

4  23  30 
6  16  00 
6  29  15 
6  35  00 
6  47  00 
6  26  00 


129  17  30 
128  62  00 

128  37  00 

128  03  30 
127  21  00 

127  22  39 


110  30  30 
109  20  40 

111  21  20 

113  58  67 
115  03  00 

115  16  06 
lis  07  12 
119  16  00 
119  00  00 

117  37  00 

116  01  40 

114  42  18 
114  34  56 
113  08  00 
111  24  00 
109  58  00 
109  16  00 

119  26  00 
119  23  66 

119  47  30 

120  43  30 

123  03  08 

124  50  00 
126  22  00 

126  24  30 

125  26  00 
125  39  00 

127  02  30 
124  26  00 

123  27  00 
123  00  00 
123  04  00 
123  16  00 
122  86  41 
120  29  00 
120  30  00 
120  28  30 


[1130]  [8  20]  [6.5] 


^ 
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1 

L<nf.E. 

Lan-Iat. 

^    1 

H.W. 

L.W. 

8M. 

N«p. 

f 

Palawan  Mand,  Port  Barton:  Bubon  Ft. 
Kabulil.:  Summit,  N.- 

10  29  19 

11  26  25 

10  51  26 
H  09  09 

11  25  47 

11  63  53 

12  02  09 
12  39  46 

11  54  28 

12  06  45 

12  20  03 

12  50  15 

13  28  40 
13  3135 
13  06  06 

12  17  15 

13  49  30 
13  45  22 

13  66  17 

14  12  20 
14  31  48 

14  22  27 

14  29  67 
14  35  49 
]4  35  31 
14  62  36 

14  66  33 

15  19  30 
15  34  48 

15  45  43 

16  04  06 
la  27  15 

18  37  15 

17  11  43 

17  16  55 
17  33  56 

17  47  17 

18  0109 

18  31  08 
18  39  02 
18  21  43 

18  28  32 
18  32  02 
18  60  26 

18  52  54 

19  03  03 
19  22  00 
19  30  00 

19  58  30 

20  28  30 

20  48  00 

21  04  56 

17  20  17 

119  06  36 

119  29  55 
121  00  25 

120  66  26 
120  45  33 
120  00  48 
120  12  56 

120  27  18 

121  30  24 
121  20  10 

12103  33 
120  44  42 
120  22  33 

120  59  17 

121  2ft  20 

12101  63 

120  09  58 

12102  66 
120  43  37 

120  38  10 
120  36  40 

120  33  48 
120  54  43 
120  57  19 
120  68  06 
120  13  52 
120  00  IB 
119  67  11 
119  54  18 

119  64  00 

120  06  01 

119  56  10 

120  18  25 
120  26  14 

120  25  07 
120  22  61 

120  25  04 
120  28  44 

120  35  35 

120  80  63 

121  37  27 

122  04  14 
122  05  49 
121  48  26 
121  15  42 
121  11  28 
121  32  00 

121  62  00 

122  14  00 
122  01  20 
121  52  30 

121  58  24 

122  19  20 

i.   n. 

K   m. 

ft- 

fi- 

Agutaya  Inlet:  Summitof  Mt.  Aguade.... 

BuBiuQgalslaDd:Mt.Tundalaiu 

Semenra  Island:  N. extremity 

Mmdoro  Island:  Mangarin  Pt.,  SE.  ei- 

Sablayan  Pt. ,  Vantay. . . 

Lubang    Island,    Fort 

Luson  Island,  Batangas:  Aet.  station 

Balayan:  Plaza  Bixal 

[1107] 

[4  60] 

[4.«1 

CabaUoI-iLigbthouse-. 
Corridor  Island:  Ligbtr 

[10  22] 

[3  66] 

[H] 

Cavite:  Sangley  Pt.  light.. 
Manila:  Pang  Outhouse.. 
Manila:  Cathedral 

10  44 

[4  10] 

[tej 

(9  42] 

[4  33] 

[3.81 

PortMasinloc:BaniPt... 

SantaCrus:  Plaza 

Susl:  Army  Hospital 

Silaqni  Islet:  Summit 

Port  Saa  Fernando:  Main 



[10  20] 
tl0  2ll 

[9  40] 

[3  33 
[344; 

[3  29] 

Hi] 

[2.6] 

Candon:  Aet.  station 

Port  Santiago:  Remarkable 

Vigan:  Race  track 

Cape     Bojeador:     Light- 

Mairaiia  Pt. :  Semaphore. . . 

643 

-0  02 

3.2 

L9 

Fort   San    Vicente:    San 

Cape  Engallo:  Rofla  Islet.. 

Cuniguinl.:  Summit 

Fiwalsland:  W.  summit. . 
D^upiril6land:Peak. ... 

800 

-0  12 

6.0 

2.T 

Ibayat  Island:  Mount  Santa  Eosa 

_ 

,,L,e 

>o^ 

e 
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1 

,-.. 

LM.K. 

LoofrB- 

Um.I»t. 

^    1 

H.W. 

L.W. 

BPf. 

N»p. 

LUMD  Idimd,  PolilloIrFortPdiUo.... 
T»b«co:  Church  belfry... 

islet 

U&IOO 

13  21  33 

14  09  00 

1S2S30 

15  31  20 

12  S2  20 
18  22  10 
12  36  00 

12  10  03 

11  U  00 

13  07  40 
13  18  10 

18  64  03 

18  66M 
12SS42 
18  33  44 

12  03  IS 
18  86  00 
12  36  33 
12  24  &5 

1101  30 

1146  44 

1147  30 
11  15  08 
1100  17 

1102  37 
10  07  SS 
10  03  22 
10  17  30 

8  16  17 

•  08  37 
918  25 

10  24  35 
10  40  21 
10  26  38 
10  41  27 

10  44  08 

11  16  47 
11  28  20 
11  46  30 
11  35  40 
11  35  06 
10  11  26 

853  00 

8  41  34 

9  47  53 

6  14  30 

7  01  22 

5  22  30 

6  28  60 

7  21  16 

6  52  15 
064  03 

12164  48 

123  43  63 

124  06  48 

124  04  48 

124  04  18 

123  49  22 
123  36  58 
123  14  36 
123  12  47 
123  07  34 

123  02  46 
18154  83 

12143  06 
128  04  48 
122  08  38 
18168  32 
12163  53 
122  17  08 
128  16  88 

122  83  23 

125  43  14 
184  6137 

124  18  16 
124  50  56 
124  86  20 
124  82  07 
124  60  16 

124  32  36 

123  64  18 

123  34  26 

123  06  08 
123  IS  43 

123  07  06 
122  55  42 
122  40  20 
122  34  26 

121  64  27 

122  09  09 
121  52  36 

121  68  59 

122  28  60 

122  45  03 

126  02  63 

125  31  17 
125  68  22 
125  28  30 
125  47  48 

125  34  35 

126  13  48 

123  57  37 

124  11  42 

122  04  00 
122  04  52 

k.   n. 

k   a. 

fk 

P- 

608 

000 

5.8 

8.8 

Catukduuea  laUnda:  S. 

PoiDtCftlaMi:S.»xtz«me. 
Port  Sotsogon,   TinaooB 

IfaHbate  Uftnd,  PkUnoR:  Pier 

Buguih-lighthouM.... 

GunuUBU  I.:  Soniinit... 

Tintolo  Point:  Extrame. 

BvriH  libnd*  Bunion        

[4  30] 

no  20] 

[6.6] 

UmsIto  dft  CuDpo  IsUnd,  Pert  CoDcep* 

Tablu  Island:  lUtUaHMd 

Summit  over  port 

Bunir  Island,  Guiusn:  Pier 

HadpiplUand:  Summit 

663 

128 

1.6 

LI 

11.-™             P^-'-uurv- 

1147 

4  60 

2.8 

3.0 

Bofaol  I.,  Lapinin  I.:  Uount  Bmim 

Siqniior  Uaad,  PortCanoaa:  S.  pt.  of 

Volcano     of     Malaapina, 
8.1S2h 

animuaal.,lnampuluganl.,  8W.  pt.... 

11  06 

528 

4.2 

L8 

Batbatan  Island:  Summit. 

Pucio  Point:  Extreme 

Port  Batan:  ViUage 

Capii:  Town 

Gibdo  Island-  Senuuibore 

! 1 

Bncu  Island:  E.  pt  ol  Port  Sibanxa 

[1140] 

[6  16] 

[6.5) 

Cape  St.  AuguBtin 

600 

-0  13 

as 

5.1 

Saianguni  liiets:   W. 

BaaanangBay:N.pt. 

of  Donauangl 

Polloc:  Small  Em  back 

Santa   Cruz    Islands: 

Zamboanga:  Fort 

660 

048 

iS 

2.8 
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i 

,-. 

UI.M. 

L.^K. 

L«O.Ill(. 

.-.    1 

H.W. 

I..W. 

BPC- 

Hwp. 

i 

i 

i 
1 

c 

7  18  06 

7  46  41 

8  40  16 
808  29 

9  10  19 
10  43  00 

10  27  00 

B  36  30 
7  43  00 
700  38 
4  54  10 
4  49  30 
466  30 
6  60  00 
600  30 
6  13  00 
6  26  16 
6  27  10 
6  S2  36 
6  41  30 
6  44  SO 

664  46 

«  02  30 
603  30 
652  30 
6  16  16 
642  43 

3  IT  00 

4  5S00 
6  2140 
6  44  21 
6  13  26 

6  67  01 

7  13  54 

8  24  47 
13  44  82 
12  3100 

12  27  43 
12  01  66 

11  33  00 
11  06  25 
10  13  45 

9  18  14 
825  20 

10  46  47 
10  21  16 

10  19  61 

11  21  00 

12  53  40 

13  46  23 
16  23  34 

15  57  10 

16  07  00 

19  22  14 

20  25  30 
20  40  03 
20  61  44 

20  56  29 

21  01  67 

122  03  IS 

122  04  68 

123  23  13 

123  60  44 

124  42  50 
121  33  00 
12103  00 

121  23  30 
118  27  00 

118  26  06 

119  22  45 

118  48  00 

119  46  46 

118  11  00 

119  44  16 

120  40  45 
120  35  00 
120  11  30 
120  48  61 
120  49  45 

120  65  00 

121  00  40 

121  18  20 
120  69  52 

119  65  66 

120  29  30 

121  56  60 

103  40  00 
103  38  00 
103  08  00 
103  01  46 
102  10  30 

101  17  39 
100  36  12 
100  45  27 
100  29  29 
100  57  30 

102  04  19 
102  16  47 
102  67  14 
102  47  49 

102  52  46 

103  27  14 

104  48  30 
106  42  12 

106  20  38 

107  04  56 
lOB  68  00 
109  23  42 
109  14  62 
100  05  35 

108  32  47 
108  11  30 

105  66  22 

106  08  41 
106  47  10 
106  40  64 
106  17  66 
106  4S40 

1.  m. 

ft.  m. 

A 

fl- 

Port  Sta.  M&ria:  Fort. 

Dapilan:  Village 

Miaami(i:Fort 

Oftmiguin  Island  i  Hoimt  Gttmigum 

[10  48] 

[4  60] 

[M] 

Oagayanes  Uande:  Bock?  islet  between 

San  Miguel  IaIee:£.pt.ofManukManukui. 
OMftvan  Jolo  Island:  Middle  of  W.  cout. 

Bubuan  Island:  lagoon  en  ban  ce 

664 

-0  18 

ae 

&4 

TaixU  IdW:  Center  hiU,  1,676  ft 

Dalrjmple  Hufoor,  Tulyan 

[9  38] 

[3  10] 

[6.0] 

Tringano River:  N.pt 

GrelrtBedang Harbor:  BukitM«ia 

800 

1  48 

6.8 

2.K 

^^^zmiii"::.".^^.^!^- 

820 

208 

2.8 

LS 

800 

200 

7.3 

3.1 

10  00 

360 

4.5 

2.1 

KohKonffR.:  S'pt.  of  entrance 

6  00 

11  20 

8.8 

4.2 

HiOiO'  6  gateotciudel 

Cham-Callao  Wet:  Watering  place 

900 

2  48 

4.3 

2.1 

_, 

. 

Dintizen 

by  Go 

OJ^I 

c 

APPENDIX  IV.                                    [Page  337 
MARITIME  POSITIONS  AND  TIDAL  DATA. 
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J 

IAN. 

I^.S. 

LmLlnt. 

^    1 

H.-W. 

L.W. 

SPC. 

Smp. 

1 

9 

840  06 
9  58  23 
10  32  36 
202  66 
3  00  00 

2129  00 
18  09  00 
18  11  30 
20  01  15 

15  46  30 

16  36  00 
16  40  07 
16  49  55 

20  42  03 

21  22  30 
21  24  15 
21  3100 
21  34  00 

21  28  00 

22  11  40 

22  1124 

23  Oe  36 
22  02  00 
2148  50 
22  16  52 
22  Ifl  23 
22  03  40 
22  16  45 
22  27  06 
22  24  08 
22  30  42 
22  32  54 
22  18  30 
22  48  14 
22  48  07 

22  66  24 

23  14  00 
23  20  43 
23  16  43 
23  32  30 

23  47  15 

24  09  49 
24  23  16 
24  26  44 
24  49  13 
24  52  12 

24  50  36 
26  02  18 

25  12  00 

26  16  30 
25  26  10 

25  58  10 

26  69  00 
26  08  26 
26  09  29 
26  22  37 
26  30  00 
26  36  06 
26  42  30 
26  61  25 

26  68  62 

27  09  20 
27  09  42 

106  4142 
109  06  00 

108  56  27 

109  06  10 

107  48  00 

109  06  00 
109  36  00 

109  4130 

110  16  10 

111  14  30 

111  40  30 

112  43  32 

112  20  44 
116  43  07 
111  10  30 
111  15  25 
111  38  30 
HI  46  43 
U2  21  30 

113  34  00 
113  33  25 
113  16  30 
113  47  00 

113  66  20 

114  09  31 
114  10  02 
114  19  25 
114  22  07 
114  36  45 
114  39  12 

114  50  00 

115  01  00 

116  06  64 

115  47  56 

116  01  26 
116  29  44 
116  47  00 

116  40  23 

117  17  04 
117  42  00 

117  36  48 

118  13  30 
118  10  00 
US  SO  11 
118  41  00 

118  58  00 

119  27  07 
119  10  36 
119  36  00 
119  46  00 
119  56  07 
119  69  02 
119  27  16 

119  37  35 

120  24  06 
120  20  40 
120  10  00 
120  11  12 
120  22  42 
120  32  33 
120  42  34 
120  25  60 
120  32  42 

i.   ». 

i.    >■. 

ft- 

fl- 

■;:::: :: :  i 

. 

500 

11  12 

14.0 

6.6 

HaiiuD  leland:  Cq»e  Bastion,  extreme... 
Gtalong  Bay,  B.  Brother. 

Obaervation  bank 

Tien-pii  fiarbor;  Pauk  Pyah  lelet 

11  60 

6  37 

8.2 

3.8 

Hni-Iang-flai)  Harbor:  Mamechow  Islet. . . 

950 

338 

6.3 

3.0 

2  00 

800 

5.1 

2.4 

Raleigh  Rock:  Cen&r.r...    . 

Wellington  Battery 

9  20 

2  52 

4.4 

2.0 

Ped»  Blanca  Rock;  Summit,  130  ft 

260 

900 

7.6 

3.6 

TonK-aane  Harbor:  Fall  Peak 

11  20 

508 

12.0 

7.6 

Chmel  IsUnd:  Li^thouae 

005 

6  13 

15.5 

9.9 

Rnrrol  TtnrV'  fiiitnmit 

Turnabout  Iriand:  Lighthonae 

030 
9  45 

700 
333 

19.3 
19.0 

12.2 
12.0 

Tung-yunglsUnda:  Peak,  N.  end 

Double  Peak  iBland:  HigheBtpeak 

^60 

338 

17.2 

10.9 

U^^l 
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I*Oi-auui  Peak:  Summit 

PortNAmki:  E.  hom 

PUi-ki-ahftD  laUnd:  Summit 

P»«han  IsbuidB:  Summit,  8W.  end 

ToDg-chuli Isl&nd :  Summit.... .,... 

KwMhui  lBlftnd«:  FatAhecock. 

Nimtod Sound:  Middleidet. 

Tong-tiiig Islet:  Summit ... 

Okin-hai:  Cit«del 

Ning-po:  Square  I.  li^L 

Cbosn  lal&nds:  Ting-bu  HartMr. 

Video  laland:  Suinmit 

We«t  Yolcauo  Island:  Tigtithwv^ 

Chapu:  Batteiy 

Gutslafl  Island:  Lighthouse 

Saddle  Islands:  N.Saddleli^L 

WeatBairan  Island:  Summit. 

Shan^iai:  Eng .  consulate  <i«g»iMff 

Wooeuns:  Lmithouse. 

Shaweisnan  Island:  T,^g^^^|^n1nw' 

Wang-kia-tia  Bav:  La^wang  tample 

KiaochawBay:  YunuiSanEi^t 

Stwinton  Island:  LandLos; place,  N.  aide.. 

Shantung  Promcmtorjr:  CghUioiue 

Weihaiw«i:  Li|^t,  8.  sidebarbm'. 

Chifoo:  Ligbthouae 

FortflagstaB 

Hiantao  Island:  Peak  oIN.ltiaDd 

PeiHo:  S.Taku Fort,  S.Cavalier 

Tientsin:  Shore tmp.NE.antlefrf wall... 

Shaluitien  Islaua:  Li^hthonw 

Newchwang:  Lightahip 

Hulu-flhanBar:  N.  moe 

Port  Adams;  Entrjr 

Liao-ti-shan  Promonttay:  8W.  pt.  light. . 

Ryojun  Ko  (P.  Arthur):  Oba.  spot 

DairenWan:  IsthmusonS.  Sanshanl... 

Round  Island:  Summit 

Thornton  Haven,   Hai-yun-tan  Island: 
Beach  oppoaite  Temple  Point 

Peecadores  Islands:  Fisher  I.  li^t 

Second  pt.  on  N.  side 
Uaktmg  Arbor.. . . 

South  Cape:  ligjithouse. 

Takau:  %racenHead. 

Port  Heongian. 

Tamsui  Harbor:  White  Port 

Eiirun  Ko(KelungHto.}:  LishHionae . . . 

Soo  (8auo)  uiy:  Beach  near  villaget 

Bo tel  Tobago  Sima:  S.  extreme 

Sakidiima Ounto,  Eumi  I.:  N.  beach.... 

(Heiaco  Sima  Is.)  Broughtoo  Bay:  Land- 

ingplace 

Port  Haddington: 

Hamilton  pt 

Taj-pin-san:  Hirora, 
^rimata  Anch 

Raleigh  Bock:  Summit,  270  ft 

n-ao-usu  Island:  Summit,  600  ft 

Hoa-pin'«u  Island:  N.  face 


H.W.       L.W. 


27  19  18 
27  26  18 

27  87  36 

28  06  07 

28  43  46 

29  22  46 
29  94  20 
29  61  53 
29  67  Oe 

29  69  21 

30  04  30 
30  08  04 
30  20  60 
30  36  00 
30  48  37 

80  61  41 

30  44  07 

31  14  41 

81  23  18 
31  26  27 
36  39  00 
36  03  60 

36  46  29 

37  24  00 
37  27  41 
37  84  10 

37  32  61 

38  23  37 
36  68  16 

39  09  00 
38  6«  00 

40  36  00 
89  30  46 
89  le  00 
38  43  17 
38  47  60 

38  62  38 
S8  40  00 

39  04  00 
23  82  63 

23  32  64 

21  56  00 

22  36  14 

24  46  00 
26  10  24 
26  09  12 
24  36  28 
22  01  40 

24  36  00 

24  21  30 

34  26  00 

24  48  18 

25  66  00 

26  68  30 

25  47  07 


120  27  14  . 

121  06  36  . 
121  12  0' 


121  8 


04  . 


121  66  21  . 

122  13  16  . 

121  43  16  . 

122  36  24  . 
121  43  06  . 

121  46  22 

122  03  47  . 
122  46  48  . 
121  Gl  25  . 

121  03  00  . 

122  10  12  . 

122  40  17  . 

123  08  27  . 
121  28  56  . 

121  29  36 

122  14  13  . 

119  61  30  . 

120  17  80 
122  16  i' 
122  42  00 
122  16  06 

121  81  0* 

121  21  27  . 

120  66  00  . 
117  42  48  . 

117  11  44 

118  31  00  . 

122  00  00 

121  18  03  . 
121  36  60  . 
121  08  26  . 
121  16  54 

121  61  59  . 

122  11  30  . 

123  10  34  . 


US  30  12  , 

120  51  00  . 
120  15  64 

120  55  00  . 

121  26  00 
121  44  28 
121  49  20 

121  89  46  . 

122  56  00  . 
124  17  40  . 

124  06  40  . 

125  17  67 
124  35  00  . 

123  40  00  . 
123  30  31  . 


8oe 

"ii'os" 
"ion  ' 

806 
4  18 


6  GO 


3  47 

4  03 
12  13 
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APPENDIX  IV. 

MARITIME  POSITIONS  AND  TIDAL  DATA. 
BAST  COAST  OV  ASIA— Gontuiiied. 


[Pace  S3d 


NaoKiShoto,  GraatNuisei:  Nafa-Kiuig. 

YMi-«iD»,  413  tt 

Yenbu-aiiiu  peak,  6B7  fL. 
E&kiroiuiM:  Summit, 

2,207  ft 

Iwo-sJma:   Volcano, 

Mlft 

Oho-flima:  N.  ezbeme 

Eikai-iima:  S  q  m  m  i  t, 

867  ft 

KusabtkiJiiiu:  Ingenoll Bocks,  630ft... 

KuroSima:  2.160ft 

IwoShima:  Peak,  2,469  ft 

Yakuno  Shima:  Mount  Matomi,  6,262  ft. . 

PiiaMRocke:  Hi^e«t,92ft 

Kucbino  Shima'.  SunuDit,  2,230  ft 

GnuaShima:  Summit,  1,687  ft 

Naka  no  Shima:  Peak,  3,400ft 

SuwanoaeJima:  Volcano,  2,706  ft 

Tokara  Jima;  Summit,  e60ft 

Yoko  Shima:  Summit,  1,700  ft 

Cbodalslaud:  S.  pt 

Sir  Jamee  Hall  lelajidsi  N.  iaiand 

Chemulpo:  So  WoEmi 

Uaijcnbanka  Harbor:  HanzoclBlet 

TasdeidiB Islet:  CeDt«r 

Gncritt  Idandi  Summit,  969  ft 

Eokoun-tan  lalande:  Cajnp  lalet 

Barren  Island:  Cento-,  600  ft 

Sea  Bock:  Canter,  160  ft 

Modesto  Island:  N.  peak,  1,228  ft 

BosBldand:  Peak,  1,920ft. 

KaperHarbor:N£.  extreme  of  Joslins  I.. 
Pwt  Hamilton:  W.  pt.  (rf  Obs.  Island.... 

Bate  Islands:  Summit  Tkvnton  Islet 

Montnvel  Island:  Center,  1,041  feet 

Quripart  Island:  Beaufort  I.,  middle   of 

W.  side 

Observation  Island:  FointofW.arm 

Smtinel Island:  Summit, 400feet 

BronghtonHead:  Extreme 

Tsaa-Un^lud  Harbw:  Lighthouae 

Cape  Clonard:  Extreme 

^ng-hai  Harbor 

Lianconrt  Kocks:  Summit,  410  ft 

UataSima:  Peak,  4,000  ft 

Port  Lasaief :  S.  1}  miles  from  the  S.  end 

of  Bonlenef  I 

Ten  Sima:  Observation  rock 

IkiSima:  Summit,  S.  end  of  island. . . . . . 

OroNoSima:  Summit,  277  ft 

Eooime  No  Osima:  Summit  Wilson  I 

Yeboebi  Sima:  Lighthouse 

Yobuko Harbor:  BluBoppoeiteNico}^... 

HiradoNoSeto:  TaskeliAt 

Goto  Island:  OeeSakilight 

Pallas  Bocks:  B.  rock 

UeiacoSima:  EarsPeak 

Nagasaki:  U.S.  Transit  Venus  Station.... 

Nesumi  Jima:  Obs.  spot 

Knchinotsu:  Lighthouse 


26  13  25 

27  02  00 
27  21  00 


28  18  00 

30  51  00 
30  50  00 
30  47  00 
30  17  OO 
30  05  00 

29  69  00 
29  54  DO 
29  52  00 
29  38  00 
29  08  DO 
28  47  30 

38  27  00 


37  B 


37  27  40 
36  26  45 
36  24  30 
36  07  00 

35  48  08 

36  21  00 
34  42  00 
34  42  30 
34  06  00 
34  17  20 
34  01  23 
33  57  00 
33  59  00 

33  29  40 

34  39  00 
34  33  00 

34  48  00 

35  07  15 

36  05  45 

36  36  00 

37  09  30 
37  30  00 

39  19  12 


33  53  60 

33  41  30 

32  30 


S3  2 


32  36  45 
32  13  12 
32  03  00 
32  43  21 
32  43  16 
^  36  05 


127  40  10 

128  25  24 
12S  33  10 


129  59  00 

129  28  00 

129  56  30 

130  18  00 
130  32  00 
130  03  00 
129  56  00 
129  33  00 
129  52  30 
129  42  00 
129  13  30 
129  01  30 


124  34 
124  34 
126  36 
126  28 
126  24 
126  01 


126  07  0 

126  35  2 

127  18  3 
126  IS  0 
126  65  0 

126  68  2 

128  14  0 
128  40  0 

128  44  0 

129  02  1 
129  33  3 

129  20  0 
131  55  0 

130  63  0 


129  13  0 

129  42  3 

130  02  0 
130  26  2 
129  68  5 
129  52  4 
129  33  2 
128  36  1 
128  04  3 

128  25  0 

129  62  2 

129  49  5 

130  13  4 
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MAaiTIME  POSITIONS  AND  TIDAL  DATA. 
BAST  OOA8T  OF  ASIA— Contiiiued. 


KaeoBhimii:  BrealriTatv  light 

Tgukanae  Bocke:  Summit,  96  ft 

UjiShima:  HighPeak,  1,097ft 

YunagftwaHAibor:  SpitN.of town 

8«t&noHiaaki:  Lightnouse 

ShimoDoeeki  Stniit:  Meji  Zoki,  extreme. 

Sokurealalknd:  Lighthouse 

Sbiiaeu  R«ef:  Lightbouae 

Siuaki:  8 W.  battery 

TomoRoMlB:  Tamalau  Sima 

PortOkayama:  Take  Sima  temple 

Wueimado  Pt. :  Wusimado  Pnk,  &48  ft. . 

Akaehi-no^eto:  Maico  Fort 

Hiogo:  Wada  Uiaaki  li^t 

Kobe:  Lighthouse 

Osaka;  Fort  Tempown  light 

Sakai:  Pier-headlight .- 

OsakiBay:  Tree  Met,  8.  pt 

Yui»NoUchi:  Pier 

Tanabe  ^v:  Foeeil  pt 

Ofr«ima  Hbr.:  Kaahmosaki  light,  B.  pt. 

UragamiHubor:  Village  pt 

Owashi  Bay :  Hikimoto 

Munt  Haibor:  Osima  Islet 

Matova  Harbor:  Anori-eaki  light 

OmoiSaki:  Ligblhouse 

Shimisu  Bay;  Mound  on  pt 

Mikomoto  Island:  Lighthouse 

Simoda  Harbor:  Center  I 

Yokoeuka  Harbor:  Eyi  Yuoa  pt 

Yokohama:  Time-baU  station 

Tokio :  University  Observatory 

NoSimaSaki:  Li^thouse 

Vriee  iBland(OSima) Volcano:  Summit, 

2,512  ft 

Eozu  Shima  Volcano:  Summit,  2,000  ft. 

Hikakejima:  Summit  2,690  ft 

Redfield  Bocks:  S.  rock 

Uikurajima:  Summit 

Brou^hton  Rock:  Summit,  60  ft 

Fatsuio  Island:  Obeervatiou  spot 

Aogft  Shima:  Center 

Bayonnaise  Island :  Summit  26  ft 

Smith  Island:  Summit,  250  ft 

Ponafidin  Island:  Summit,  1,328  ft 

Lota  Wife  Rock:  Summit,  300  ft 

InaboyeSaki:  Lighthouse 

Kinkwoean  Island:  LighthouM 

Kamaishi  Harbor:  SE.  end  of  village 

Yamada  Harbor:  Ko  Sima,  90  ft 

Siri^raSaki:  Lighthouse 

Tonwi  Saki:  Center  of  Low  Islet  off 

Aomori:  Lishthouse 

Tatsupi  Saki:  N.  aide 

Bittern  Rocks:  SW.  rock 

Tobi  Shima:  Takamori  Yama 

AwaSima:  NE.  extreme 

Sado  Island:  Ya  Saki 

Fushiki  Harbor:  Lighthouse 

Cape  Bokugo:  Extreme 

Niigata:  Buddhist  temple 

ManaSima:  Summit,  200  ft 

Uanao  Harbor:  Sorenjo  Pt 

Tsuruga:  Town 


31  S6  39 
31  20  00 
31  12  00 

31  12  43 

30  59  30 
33  57  « 
33  58  53 
33  59  11 

33  23  19 

34  22  37 
34  35  56 
34  37  27 
34  38  06 
34  39  20 
34  41  18 
34  39  45 
34  35  12 
34  07  42 
33  57  34 
33  41  14 
33  28  IB 

33  33  37 

34  06  10 
34  IS  52 
34  21  57 

34  35  52 

35  00  51 
34  34  25 

34  39  49 

36  17  30 
36  26  41 

35  39  18 
34  54  17 

34  43  30 
34  13  16 

34  06  00 
33  66  50 
S3  52  00 
33  39  00 
33  04  24 

32  29  00 
32  00  40 

31  27  DO 
30  28  26 
29  46  28 

36  42  13 

35  16  57 
39  18  30 

39  27  17 
41  25  58 
41  33  34 

40  50  00 

41  16  17 
40  31  00 
39  12  02 
38  29  23 
38  19  55 

36  47  47 

37  31  46 
37  55  14 
37  35  00 
37  02  37 
36  40  24 


130  33  49 

129  46  20  . 

129  29  00  . 

130  37  00 
130  39  30  . 
130  67  50  . 
130  62  07 
130  47  36  . 
133  17  00 
133  23  23 

133  59  24  . 

134  09  21  . 

135  01  51  . 

135  10  56  . 

136  11  34  . 
135  26  00 

135  27  44  . 

136  08  19  . 
135  07  21  . 
135  23  04  . 
135  51  59  . 

135  54  25  . 

136  14  35  . 
136  48  51 

136  64  00 
138  13  49  . 
138  31  19 
138  66  30  . 

138  67  30  . 

139  30  43  . 
139  39  00 
139  44  30  . 
139  53  24 

139  23  00  . 

139  08  00  . 

130  31  00  . 

138  48  15  . 

139  34  00  . 
130  17  46  . 
130  50  24  . 

139  43  31  . 

140  00  00  , 
140  02  00  . 
140  14  02  . 
140  10  40  . 

140  62  22  . 

141  35  33  . 
141  62  60  . 
141  60  00 
141  27  32  . 
140  66  36  . 
140  44  40  . 
140  22  37  . 
130  31  00  . 
139  32  58  . 
130  16  31  . 

138  27  09  . 

137  03  15  , 
137  10  00  . 

139  03  01  . 
136  54  00  . 
136  58  24  . 
136  01  22 


ifte 


6  62 


6  25 
5  oi" 


11  30 
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OkileUndfl:  N.  pt 

Takft  Yvu  (Cape  Louiaa): 
AiSima:  Summit,  300  ft.. 

Mino  Siina:  Summit.  492  ft 

KadoSima:  Teuno  Btiima  li^t 

Hakodate:  LiahtBhip 

Endermo  Harbor:  Bluff  on  E.  iide. . 

OkiahiBay:  Li^thouM 

Nodiiaf  S^:  Llghlhouae 

Nemuro:  Benten  Sima light 

Notsuke  Anchorage;  VUlage 

Nodiiaf  Miski:  Ugfathouse 

Riririlalet:  Peak,  6,713  ft 


Kmudtir  Idand:  St.  Aatbouya  Peak. . 

Itunip  Island;  NE.pt 

UnipJaUnd:  Cape  Vanderlind 

Broi^toD  laland:  Summit 

SimiuiT  Island:  PievoatPeak 

Ketoy  laland:  S.  pt 

Matana  laland:  Peak 

BhijtA-Kotan  Iiluid:  Center 

Eliarim-Eotaii  Island:  Peak 

Oime-Kotan  Iiland :  8W.  pt 

Moukoarushi  Island:  Center 

Pore  musir  Island:  Fool's  Peak 

Sonmdtu  Island:  Center 


)■ 
.  Norton)  (Nidii  Notoro  Mi- 

tkilLislit 

Sbuetoko 
HiaaU). 


C.  Siuetoko  (Nata  Shiretoko 


Expedition  Bav:  Ughtbouae 

Port  Novogoioa:  LigiktliDuae 

Vladtvoetok:  Oape  Goldobin  li^t 

Cape  Pov<«otnvi:  Lighthonse 

PortOUa:  Li^lhouse 

St.  VUdimir  Bay:  OrekhenPt 

Shelter  Bay 

SybilloBay 

Hque  Bay 

BiUlockBay 

Lnke  Point:  Extreme 

Cape  Disappointment:  Ezb«me 

C^wSuffren:  Extreme 

Cape  St.  Nikolaia:  Lighthouse 

De  Kastri:  Lighthouse 

Nikolaevsk:  l^thedral 

Great  Shanlar  Island:  N.pt 

PortAian:  CapeVneehni 

St.  Jona  Island:  Summit,  1,200  ft 

Okhotsk:  BattOTv 

CapeLopatka:  Ezlieme 

Petropavlovsk;  Bakof  light 

Cq>e6hipuniki:  Exb«me 

Boti^  Ldaitd:  Cape  Khitroff 

Ifednoi,  w  Copper  Island:  BE.  eztteme. 

C^ie  Kamdiatka:  Extreme 

Euajinaki  Island :  8.  pt 

Cape  Olintorski:  Exbeme,  2,480  ft 

Cq»eNavarin:  Extreme,  2,512  ft 


36  30  00 
34  40  00 
34  32  00 
34  48  00 
34  21  12 

41  47  36 

42  19  54 

42  56  I 

43  22  56 
43  20  22 
43  33  11 
46  26  30 
45  11  r- 


46  38  30 

45  37  00 

46  42  30 

47  02  50 
47  17  30 
4S06  00 
43  52  00 
49  08  00 
49  19  00 

49  51  00 

50  16  30 
50  46  00 


133  23  00  . 
131  36  00 
131  IS  00  . 
131  0»  00  . 
130  50  29 
140  41  49 

140  59  3 

144  62  38 
146  49  10 

145  34  40 

146  18  00 

141  38  40   . 
141  19  00   . 

146  15  00  . 

149  14  00  . 

149  34  00  . 

150  28  30  . 

151  52  SO  . 

152  24  00  . 
163  12  30  . 
15108  00  . 
IM  39  0" 
154  44  0 
154  32  00  . 
166  15  20  , 
156  26  00  . 


46  01  20 

64  24  30 
42  14  30 
42  38  06 
42  33  40 
13  06  13 

42  41  00 

43  22  00 

43  63  40 

44  30  00 
44  13  45 

44  46  16 
46  05  00 

46  19  30 

45  41  " 

47  20  00 

48  59  30 
51  28  00 

63  08  06 

65  11  0 
56  26  28 
■66  22  30 
59  19  45 

61  02  00 

62  62  37 

53  04  30 

64  66  00 

54  32  24 

66  10  00 
68  20  00 
59  55  00 
62  14  30 


160  0 


3  40 
3  32 
3  41 
3  48 
3  33 


10  00 
9  4G 
9  53 

10  00 
9  46 

11  05 


143  26  30  . 

142  46  30 
137  17  C 

130  48  45  . 

131  10  00 
131  62  40 
133  02  00 
135  16  00  . 

135  27  19 

136  02  00 
136  22  30 
130  27  16  . 

136  44  00 

137  10  16 

137  38  16 

138  68  00 
140  23  40 
110  18  00 
140  12  58 

137  40  00 

138  26  e 

143  15  46 
143  07  14 
166  40  00 
168  40  42 


00   . 


166  43  00  . 

108  09  00  . 

1S3  24  00  . 
103  34  0 
170  22  00 

179  04  30  . 


10  45 

bio' 


6  00      12  16      4.6      1.8 
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MAaiTDCB  POSmONa  AND  TIDAL  DATA. 
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! 

Plw*. 

LM.N. 

I««.W. 

Lan.lDt. 

^    1 

n.w. 

L.W. 

Spc. 

Vmp. 

1 

St  Matthew  Island :  Cape  Uiwi^t.  SE.  pt . 

60  IS  00 

63  12  00 
04  Ifl  00 

64  26  66 
64  24.30 
64  46  00 

«4  60  00 

66  00  30 
66  02  00 

172  04  00 
169  60  00 

173  10  00 
173  07  15 
172  12  30 
172  07  00 

178  40  00 

175°!4^ 
169  32  30 

k.   n. 

*.    n. 

ft. 

fl. 

XSIJUn>B  OF  THE  PACEPIO.                                                        | 

i 

a 

i 
I 

I 
I 

Malpeb  Istand:  Summit,  1,200  ft 

Cocoe  liiluid:  Head  of  c£adk&m  Bay 

403  00 
6  32  67 

0  13  30 
020  00 

0  18  60 
034  26 

1  22  66 
069  00 
0  31  00 
0  16  20 
026  00 
036  30 

0  33  2S 
060  30 

1  10  00 

1  26  00 

0  44  16 

1  67  17 

3  61  26 

4  41  10 
6  03  16 

0  la  30 
049  00 

LM.8. 

2  40  64 

2  36  00 

1  60  00 
1  29  14 
1  23  42 
1  17  14 
036  00 

Lat.N. 
0  11  10 

020  64 

0  6130 

1  33  45 
1  44  15 
203  00 

3  0130 

61  36  00 
86  69  17 

01  03  00 

89  68  43 

90  30  08 

90  44  23 

91  49  43 
91  29  12 
91  36  00 
90  52  63 
90  43  30 
90  41  00 
90  33  68 
90  06  13 
90  28  13 

89  40  08 
89  16  68 

167  27  46 

160  2160 
160  24  30 
162  06  00 
176  32  39 

176  43  09 

177  Oi  IS 
176  07  00 
176  39  00 
176  12  20 
176  31  33 
176  67  09 
174  24  00 

ITS  32  40 

173  61  14 
173  03  30 
173  03  00 
173  07  00 
173  26  30 
172  46  40 

Tn»«T.I.n/1'  w   /.lifr  ' 

Abingdon  Island:  Summit,  1,960  ft 

200 

8  13 

0.2 

3.1 

lamealaknd:  auguloaf,  l^Oa  tt 

246 

868 

6.3 

2.6 

IndefatigEble  Ifdand:  NW.  hw 

200 

8  13 

6.2 

3.1 

BaiTingtonliluid:  W.summit.MOft 

2  10 

823 

6.0 

3.0 

P»t«  Huku  or  Hood  Idiaa:  E.  summit. 

Outtum  Islwd:  Mount  Pftt,  600  ft 

Christmas  liland:  N.  pt.  olOooklslet.... 
Fvnnin^  Island:  Fli«Mafl,  entnuce  to 

2  20 
4  26 
600 

833 
10  36 
12  IS 

6.6 
2.4 
2.4 

S.S 
L4 
L4 

Waifa^ngtfm  Islnnd 

626 

1140 

1.6 

a« 

7  10 

1  00 

6.2 

3.6 

NSJunauorBynmlaland:  SE.pt 

Aranuka  <«  HenderviUe  Island:  W.  pt. 

4  30 

10  46 

4.7 

2.7 

448 

1100 

4.7 

2.7 

MarakilsUnd:  N.  pt 

Taritari  Island:  S.pt 

abvGoogle 
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UABITOtE  POSITIONS  AND  TIDAL  DATA. 
ISLANDS  or  -ram  FAOIFKI-Caitiiiued. 

1 

PkM. 

LM.N. 

L«n,.K. 

Lou.  Int. 

^    1 

H.W. 

L.W. 

Bpf. 

Smp. 

1 
1 

436  25 
866  07 

6  14  00 

706  30 

7  09  17 

7  16  00 

8  14  00 
827  00 

8  19  00 
864  21 

9  28  00 
10  03  40 

10  17  25 
1148  00 

11  IB  21 

1124  00 
1107  00 

11  40  00 
10  06  00 
1140  00 

9  30  00 
10*00 

8  18  30 
929  00 

9  62  30 

10  06  00 
946  00 
806  00 
640  00 
7  21  45 
7  16  00 
836  00 

808  00 
743  30 
729  30 
722  00 

809  00 
640  00 

7  38  00 

8  69  46 
826  30 

7  IS  30 
666  00 

6  29  18 

8  6100 
739  00 
648  00 

7  00  85 
6  4146 

6  14  00 
6  20  06 

16B  41  31 

169  39  31 

171  46  00 

17124  30 
171  65  61 
168  46  00 
168  03  00 

168  26  00 

17109  00 

170  49  00 

170  16  06 

169  01  57 

169  69  20 

170  07  00 

167  24  67 

167  36  00 
166  36  00 

166  24  26 
166  01  00 

162  15  00 

16108  80 
164  47  66 

137  33  30 

138  04  00 

139  42  00 

139  46  00 

140  86  00 
140  52  00 
143  1100 

143  67  30 

144  31  00 
144  36  00 
146  50  00 
146  66  46 

146  24  30 

147  06  48 
147  42  00 
149  2100 
149  27  30 
160  14  30 
151  49  16 

151  66  80 
153  13  30 

163  58  00 

166  00  64 
155  06  00 

167  81  30 

158  17  86 

159  60  00 

160  38  43 
163  00  46 

h.  m. 
4  45 

1100 

A 

t7 

Jfthiit  or  Bonhfun  (slands:  Jarbca  Pi«t. . . . 
Borrfa  lalud:  Port  Bhin,  N.  pt.  of  en- 

500 

11  15 

6.0 

2.8 

UqiiTo  OT  Anwraaith  IsUnds:  Anchor- 

Amfa  ot  IbbWBon  Wand:  NE.  eDd,  an- 

Ailuk  IsUndn:  Capeniup  Wet 

460 

1100 

6.8 

S.6 

^^ekb  m  Peaodoree  IiiUada:  Cent«r 

Bon^^V  Ba^ikaJa  bl^^:  Obecn^ 

Bikim  «  BechholW  IsUndB:    W.  ex- 

Eniwotok  Mands:  North  or  En«bi  I. . . . 
Djekng  or  I^ovidence  IilaudrCmter  ot 

7  16 

100 

S.4 

1.9 

Ulnthi  «  Hkckende  blaiidt:  Uogmog 

PejBwTnnidinUuid:  E.tatame.... 
Bdol  or  Philip  iBbnd:  Center          .  .  . 

EaiiripikiK&iuUuidB:E.  ielet 

lUik  M  WiboD  Islets-  N  end 

::::;::: 

Coqoille  or  Pikelot  leUnd:  Cent«r 

Hwohi  (Hogoln)  Group:  N.  end  ot  Ttds 

Uortlock  Itduide:  Lukanor,   Port  Cha- 

Ngatik  or  Valioutea  blanda:  E.  extreme. 

400 

10  16 

4.3 

2.4 

P^lMp  OT  HacAskiU  IalaiidB:'E.  end 

CahtDorStraigleUDd:  Choral  BarW. 

soo 

12  15 

8.6 

2.0 

rtgt  3M]                                 APPENDIX  TV. 

lUBITniE  POSinONB  AND  TWO,  DATA. 

1 

PiMM. 

L>t.N. 

Lonj-B. 

LtlD.tUt. 

^    1 

H.W. 

L.W. 

Spf. 

Itmp. 

i 

1 

! 

An«>irIi>1mTiH-  AW   nt 

663  56 
702  00 
7  08  00 

7  IB  00 
7  40  30 
.8  08  00 

4  20  00 
302  00 
520  00 

13  26  22 

14  07  30 

14  69  22 

15  08  30 

15  17  10 
la  20  00 

16  41  00 

17  17  00 

17  36  00 

18  04  00 

18  46  20 

19  45  00 

20  00  00 
20  32  54 
19  15  00 
14  4100 

16  44  48 
10  17  00 

19  46  14 

20  03  00 
19  28  00 

19  Sfl  26 

20  33  39 
20  36  00 

20  52  00 
2106  17 

21  18  16 
21  16  08 
21  17  57 

21  17  66 

22  12  61 
21  67  17 

23  05  60 
23  35  18 

23  46  00 

25  00  40 

26  31  00 
26  48  00 

26  00  00 

27  56  30 

28  13  15 
28  24  45 

24  14  00 

134  06  24 

133  18  03 

134  27  00 

134  32  30 
134  SB  30 
134  17  00 

132  2100 

131  11  00 

132  16  00 

144  39  42 

145  13  04 

146  36  M 
146  43  56 
146  42  60 
146  89  00 
146  47  00 
146  67  00 
145  55  00 

145  52  00 

146  41  45 
146  30  00 
145  21  00 
144  54  00 
166  31  30 
188  64  28 

Loni.  W. 
169  32  24 
109  13  00 

166  05  31 

155  48  00 

156  66  00 
156  00  15 
156  35  04 
156  26  00 

156  35  00 

167  18  32 

157  39  07 
IS?  48  44 
157  61  34 
157  61  54 

169  30  47 
159  40  08 

161  68  17 
164  40  47 
166  17  67 

168  00  62 

170  3S  20 

171  44  00 
173  57  00 
175  46  00 

177  21  30 

178  27  45 

isTSboo 

L   m. 

».    ». 

A 

ft- 

Guokong  or  Akamokao  Islanda:  Ceoter.. 
EanoMaada:  Konor  Hubor,  Uiiaktl 

Kyangle  Idets:  Center  of  UigcrtT 

Nevil  or  Lord  SorUiMffld:  Center 

Guwn:  Port  BU.  Cms,  HHbor  of.Apim. . . 

7  20 

1  20 

2.6 

L6 

Tinian  IsUnd:  Simharon  village 

Saipui  Island:  Hagicienme  Bay,  landing. 
/^              T^pagHbr..da»p^. 

700 

060 

2.0 

LI 

n..<r.«.itT<.iBnH'  rw.t«- 

Ali;'<nw!11^I<  I-1-fi'l;  '^'F>t'>T 

«irri<An  T.l.n.1-  HR   pt 

Qaepu  Rico  Reef:  K.  clump  of  rocka ... . 
Jofanaton  or  Corawallia  Islands:  Flaestafl 

Hawaii  bland:  Hilo,  EanahaPt. light.... 

300 

906 

2.3 

LS 

Kailua,  stone  cliuTch . . . 

2  20 

8  10 

1.6 

0.9 

Usui  TalsTiil-    IfnnshonK  PI    )l>ht 

3  32 
238 

968 
856 

2.2 
2.1 

L2 
LI 

Molokai  Island:  Lighthouse 

nUmnnH  W«J 

Honolulu,  Tr.  of  V.Obe.-. 

Honolulu,  Reef  liriit 

Eauai  Island:  Hanalei,  Black  Head 

Waimea,  atone  church 

346 

»6» 

1.6 

0.8 

4  00 

10  20 

2.0 

H 

French  FWcaba  Shoal:  Islet  (120  ft.) 

Laysan  Island:  lirhthouw 

Liaiansky  Island;  tightfaouse     . 

Pearl  and  Hermes  R^f:  NE.  eitieme.... 

Midvay  Islands:  Lighthouse,  Band  I 

Ocean laUnd:  SajidWet 

330 

946 

1.1 

(L6 

, 

bAjOogle 
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HABTTIME  POSITIONS  AKD  TIDAL  DATA. 

IBIiAUDS  OF  THB  PACIFIC— CcDtinved. 


IPtffe  345 


OgM»w*n  Is.  (Bonin  Is.},  PanTsQioup: 

N.  rock 

Ekter  Iriand: 

N.rock 

Peel    iBland: 

Port  Lloyd, 

oboemtorf. 

VoIcaho  Ib.,  San  AlowMidro  or  North  I»- 

Und:  Center 

Sulphur  laluid 

Ban  Augiutlne  IsUnd:  Center 

BoMdoIaland:  Center,  148  ft 

Donglaw  Rocks;  Centor 

Bondino  Idonde:  Center  of  N.  island 

Center  of  S.  island. 

Ranlshmd:  CentM 


Vtta  Hiva  Island:  B.  pt 

Hotaoe  Island:  BSE.pt 

Tahnata  Island:  Port  Reeolution,  watw- 

isg  place 

HivkOa  Island;  C.  ^Iguerie 

Fata  Huku  Iskuid:  Center 

RoftPoua  Island:  Obelisk  lalet 

Nnka-Hiva  Island:  Port Tai-o-hae  lig^t. . 

Hiaon  Island:  S.pt 

If otn-ili  Island:  Summit,  130  ft 

Ua-Hnka  or  Ua-Una  Island:  N.  pt 

F^ouboubou  Island:  NB.pt 

Caroline  Islands:  Solar  Eclipse  Transit 

Pier 

Vostok  Island:  Center 

Flint  Island:  8.  extremity 

Halden  Island:  Fla^tafi,  W.  side 

Statbuck  lalaod:  Fbgstaff,  W.  ride 

Peorii;m<vToi^Brewa  Island:  NNW.pt. 

Jarvislslaad:  Center 

ReirBon  Island:  Church 

Huiniduey  Island;  N.pt 

Union  or  Tokelau  Islands:  Spot  N.  of 


Canton  or  Harjr  Island:  N.  pt.. 

Enderbury  Island:  W.pt 

Fhcenix  Island,  N.  pt 

Bimeys  Island:  S.  pt 

Gardners  Island:  Center 

HcKeon  Island:  Center 

Hulls  Island:  W.pt 


Muknlaelae or Uitdtells Island:  S.pt... 

AmafntLcaEUice  Island:  E.  pt 

Naknfetaa  or  De  FoTsten  Island:  S.  pt. 

Vaitnpu  Island:  S.  end 

Nni  or  Netherland  Island:  S.  pt 


7  46  00 
7  31  00 


4  48  00 
4  14  00 
7  1&32 


IM.B. 
10  32  00 
10  01  40 

9  66  00 
046  00 
9  27  30 
ft  29  30 
8  66  13 
8<S  30 
8  44  00 
8  64  00 
7  66  00 


142  06  53 
142  11  S3 

142  11  23 

141  11  0 

141  13  00  . 

141  20  00  . 

140  60  28  . 

130  10  0 

131  10  30  . 
131  12  17  , 
131  01  60  . 

13?&  2 
138  48  3 


4  03  00 

5  37  00 
8  56  16 


140  04  4 
140  04  0 
140  44  0 
140  38  3 

139  33  3 

140  34  4 


160  14  30 
162  23  00  . 

161  48  34  . 

165  01  00  . 

166  6fl  00  . 
158  07  00 
"  "  64  11  . 
161  05  30  . 
161  01  12  . 

171  14  46 


830  40 

244  26 
308  30 
3  42  28 

3  34  16 

4  37  42 

3  36  JO 

4  80  06 


9  18  00 
8  26  10 
804  02 
7  32  00 
7  16  45 
e  12  00 


172  28  10  . 

17146  2 
171  10  00 

170  42  37  . 

171  32  07  . 
174  40  18  . 
174  17  26  . 

172  13  28  . 

Lmif .  B. 

170  60  00  , 

179  07  26  . 

178  23  61  . 
178  41  01 

177  16  60  . 

176  16  30  . 

177  20  01  . 


176 


6  16  . 


•>g|( 
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UARITIHE  POSITIONS  AND  TIDAL  DATA. 
IKUBSS  07  TBS  PAOIFXO-CoBfinued. 


Ocean  or  Putnopaj^Hlaiid:  Center  (appx.). 

Pleasant  Island:  Center 

Indigpensable  Reefs:  B,  pt.  of  S.  reef 

Rennel  Island:  6 E.  extreme 

W.end 

BanCmtoval  Island:  Point Wangalaba... 
Guadalcanal    Island:      Wanderer    Bay, 

mouth  of  Boyd  Creek 

Florida  Island:  Mboli  Harbor,  Tree  Islet. 
HalaiU  Island:  Village,  Uary  I.,   Port 

Stewart  lalanda:  Lar^t  islet 

Isabel  Island:  N.sideof  Cockatoo  Islet... 

GizoorShurk  Island:  N.  pointvill^e 

ChoiMul  Island:  Choiaeul  Bky  entnnce. 

Traasury  laluida:  Obeervation  Met 

Bongainville Island:  Husker  Pt.,  Gaielle 

Harbor 

Bnka Island:  GapeNorth 

Lord  Howe  Gronp:  Center,    small    SW. 

islet 

Center,    small    HE. 

islet 

NW.    pt.    of  Ham- 


Nea  Pommcni  (New  Brilttin),  Blanche 

Bay:  Matupi  I.  N.  pt. 

Duke  of  Yotk  LOand:  Hakada  Hatbor, 

SpitPt 

Neu  Hecklenbuig  (New  Ireland):  Cu^ 
teret  Harbor,  OxtM- 

nut  I , 

Katharine  Hftven 

HolEHaveDtE.  side. . 
New  Hanover  Island:  Water  Haven, 

creek  mouth 

North  Haven  ao- 

chonge 

St.  Uatthias  Isknd:  SW.ezlreme 


AdminJty  Island:  Narea   Harbor,  oba. 


St.  Andrew  Island:  Violet  Islet,  00 ft 

Jeeus  Maria  Island:  8E.pt 

Commetson  Island:  Centerof  ktgeetislet. 


Purdy  Island :  Mole  Islet. . 


Point  d'Urvillo:  ( 

Dtei  Cap  Peninsula:  Wasalalet 

IMtonBay:  Fort Dubus,  Dubns Haven.. 

CapeWalsdie:  Extreme 

Flyffiver:  Fireel8let,8.pt .«... 

Portlforesby:  N.endofJanel 

Clq>e  Rodney:  Extreme 

South  Cape;  S.pt.  SuAuI 

Hayterldsnd:  w.end 

Ck^  Cretin:  Cretin  Islets 


0  62  00 
0  2liOQ 
12  50  15 
11  52  IS 
11  33  45 

10  17  32 


B  30  00 
8  23  00 
8  30  GO 
8  05  40 

6  42  40 

7  24  30 


5  38  00 
S  18  00 
G  18  I 

4  14  12 
4  06  36 


4  41  26 
3  11  I 
2  47  SO 


1  55  10 

2  25  40 
2  22( 
0  4Sf 

0  63  15 

1  28  00 

2  51  00 

1  25  40 

2  44  00 

3  47  00 
8  22f 

8  41  < 

9  25  30 
10  14  30 
10  43  35 
10  37  00 

643  00 


169  35  0 
167  05  0 
160  26  0 
160  40  1 
169  65  0 


156  50  1 
166  23  1 
156  34  0 


150  21  0 
ISO  34  0 
169  17  0 

162  11  36 
162  06  16  . 


162  42  25  . 
161  36  30  . 
160  57  35 


146  40  66  . 

147  28  35  . 
147  56  0 
145  17  00  , 
145  33  04  . 

145  08  0 

146  16  00  , 


135  28 
132  04 
134  06 
137  40 
143  36 

147  07 

148  30 
150  14 
150  40 
147  53 


12  . 
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MARITIME  POSITIONS  AND  TIDAL  DATA. 
IBS^AXDB  OF  THB  PAOmO-OcHitinued. 

1 

r^ 

LU.  8. 

Loiig.E. 

LmLlBt. 

^    1 

H.W. 

L.W. 

Spc. 

N«w. 

! 

* 

i 

1 

I 

1 

Trobmiid  Isknda:  NE.  pt.  Cap*  Denia. . . 
Woodterk  Isknda:  N.  pt 

8  24  00 
903  30 

OSS  00 
»«00 

•  43  53 

10  42  00 

10  62  40 

11  23  2S 
11  89  10 

16  60  00 

16  66  BO 

17  43  00 
17  07  20 
17  24  39 
19  OS  00 
19  14  00 

22  10  30 

23  16  03 

948  00 
10  SI  00 

10  83  30 

10  40  00 

11  17  30 
1140  24 

13  16  00 

13  48  00 

14  1100 
14  58  00 

1S2C0O 

17  44  68 

18  47  30 

19  31  17 

19  3120 

20  15  17 
22  20  12 
22  24  02 
22  38  07 

11  66  00 

12  30  10 

18  38  16 
IB  07  09 

19  05  30 
18  36  00 
17  40  46 

151  01  24 

152  47  00 

160  30  00 
160  68  00 

ISO  44  43 
162  42  04 
152  47  12 
154  08  00 

154  26  14 

149  68  00 

149  11  64 

150  42  04 
152  06  SO 

155  52  24 

158  40  00 

159  00  00 
155  28  24 
155  33  04 

ia«63  15 
168  17  16 

165  47  30 

166  00  30 

166  32  14 
166  67  45 

166  88  00 

167  30  31 

167  80  00 

168  02  00 

167  47  IS 

168  18  60 

168  68  00 

160  27  30 
170  11  15 

169  44  45 
17120  30 
172  05  16 
168  60  45 

170  10  00 

177  07  16 

178  32  15 

177  57  09 

178  10  24 

177  38  00 

178  48  00 

1.  m. 
4  45 
705 

1.  «. 
10  58 
063 

4.2 

ft 

2.5 

WelllBknd,  E.pt.. 
SOTii»iibyI.,olw. 

Hm»IcI  0»yB:  NE.  Cay 

Tngom  Islftndg:  S  idet 

Hftt«n»orSiraU(nr(Wup:Nimfti>tilia«i. 

TinakuU  Idftnd:  SuiudL  2,200  ft 

Nitendi  Isluid:  NE.  pt^Cape  ByioQ. . . . 
Tspua  Idand:  B«^  6>ri!of,  8.  pt.  c< 

460 

U  06 

3.8 

2.8 

ToiTw  or  Abibft  Uand:  Hsften  B*r, 

Twiua    Uv»    Idand:  Port    P»tt«wi», 

640 

030 

3.8 

2.3 

MJlkoUo  iBland:  Port  Sandwich,  pt.  on 

438 
6  15 

10  60 
1127 

3.8 
3.0 

1.9 
L8 

VatB   or   aandTich   Island:   Havannah 

EiroiianorFutuna  Island:  NW.pt 

Aneityum  Island:   Fort  Anatom,  Sand 
lalet 

6  10 

1123 

3.1 

1.9 

6  16 

000 

4.2 

2.5 

Eandavu  InUnd:  N.  rock  AstroUbe Reef 

Mt.    Washington,    N. 

Nealoa  Harbor,   outer 

640 

025 

4.0 

2.4 

Ovalau  Island:  Levuka  li^lhouoe 

ijGoogle 
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MAMTIME  POSITIONS  AND  TTOAL  DATA. 
IBIiASSS  OV  TBM  PAOmO-OmtiniMd. 

i 

PIWK. 

ULB. 

17  44  45 

18  00  60 

18  22  00 

10  09  38 
18  82  49 
17  69  32 
17  37  11 
17  27  14 
17  16  21 
16  42  01 

16  67  63 

16  40  19 

16  08  00 
16  46  00 

16  44  45 

17  03  00 
17  26  33 
17  17  20 
17  10  00 
17  26  26 
17  44  12 
17  39  33 

17  50  00 

15  14  10 

18  25  46 
18  38  66 
18  46  00 
18  66  15 

18  58  57 

19  03  00 
19  04  00 

19  49  11 

20  39  10 

21  00  09 
21  01  39 

14  14  20 
13  23  36 

16  34  00 
16  62  00 
16  68  00 

13  46  00 

13  48  56 

14  18  06 
14  19  00 
14  32  00 

19  10  00 
10  62  47 

13  14  30 
18  06  60 
16  28  00 
16  48  00 
16  62  00 

177  09  00 
176  24  40 

178  06  63 

170  44  27 

179  66  26 
179  14  08 
178  69  29 

178  67  46 

179  20  44 
178  64  15 

178  48  32 

179  16  OB 

179^8  46 
179  61  00 
179  54  26 
179  17  00 
170  32  17 
179  10  00 
179  06  45 
179  10  33 
179  19  49 

178  60  27 

179  04  00 
178  52  00 
178  27  04 
178  30  64 
178  44  00 

178  58  05 

179  62  58 
178  47  26 
178  33  25 
178  13  38 
178  43  27 
178  44  03 
178  49  47 

178  06  46 
176  11  47 

176  40  40 
173  62  00 
173  62  00 

172  17  00 
17144  66 
170  42  14 
160  32  00 

leaoooo 

169  50  00 
16S6I  30 

163  04  10 

163  10  00 

164  30  00 
164  8100 
154  00  00 

LmLtnt. 

^    1 

H.W. 

L   m. 

L.W. 

Bpf. 

Hmf. 

m 

i 

i 

Vid  Levu  Idand :  Summit  of  Malolo  lalet. 

Suva  Harbor,  low  light . 

Mbega  or  Mbengia  Mand:  Swwi  Hartor, 

t.   ■>. 

/t 

fu 

630 

0  16 

3.6 

2.2 

Matuku  iBland:  N.  side  of  Matuku  en- 

^ulaUnd:  Henld  Bay,  E.  side 

Makonni  laUnd:  Dilliendieti  Peak 

Vanua  Lovu  lalanJ:  Mount  Dana 

Nandi,  observation 

Savu  Savu  Pt.,  ex- 

600 

12  13 

4.8 

2.6 

Thikombia  Island:  E.  hummock 

Vatu  Van. Island:  N.  end;  aummit 

6  10 

000 

3.1 

LO 

OneaU  Island:  Summit  of  Loa  I 

Totoyiwandr  Blac?R4>ckBay,'wVide: 

636 

020 

3.6 

2.1 

Vaftmw  Turtle  Island:  Hummock 

6  10 

000 

ai 

L» 

Fatuna  or  Home  Island:  Mt.  Bchoaten. . . 
Uea  or  WaUis  Island:  Fenua.fu  Islet. . . . 
Niua^fu  or  Good  H<q»e  Island:    NW.  ex- 

640 

028 

4.4 

2.7 

Upulols.i  Apia  Harbor,  obs.  spot 

Tutuila  Island:  Pago-PaRO,  obs.  pt 

Uanua  Island:  VUSge,  SW.  side 

e  26 
700 
600 

0  13 
046 
12  13 

3.1 
2.7 
4.6 

1.6 
2.7 

Danger,  or  Bimardo, Ta. :  iliddle  rock... 

3  10 

923 

2.4 

L4 

llapoL  (Loid  Howe)  Island:  Center. . . . 

.Google 
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icABrnuB  FoeinONS  Aim  tidal  data. 

IBLAXDB  or  THB  PAOEnO-Coodiiued. 

1 

^ 

11.B. 

loDt-W. 

LmLtDt. 

^    1 

H.W. 

L.W. 

Spfr 

NM>p. 

17  63  00 
17  29  10 
17  36  39 

17  29  23 
16  42  3D 
16  60  00 
16  35  00 
16  31  36 
16  11  00 

16  28  00 

24  4020 
26  03  50 
24  2120 
24  01  20 
23  07  36 
213130 

22  0100 
21  20  00 

23  07  60 

20  46  20 

21  SO  00 
21  38O0 
20  43  00 

19  63  17 

20  46  07 
19  IS  30 

18  00  29 

18  18  00 

15  43  30 

19  37  00 
19  2B  00 

17  19  30 

18  05  20 

19  08  45 
18  18  30 
17  49  36 
17  36  28 
17  20  30 
14  49  00 

14  12  00 

16  60  00 
16  44  20 
16  39  10 

16  44  29 

17  20  20 

18  47  49 
17  28  41 
16  26  09 

16  3100 

15  43  15 
15  80  00 

15  60  00 
14  43  00 

14  29  10 

16  14  30 

15  50  30 
14  53  00 

148  06  00 

149  20  00 

160  36  56 
149  60  30 
151  01  28 
151  27  21 

161  35  00 

161  46  00 
151  48  00 

162  12  00 

124  48  00 
130  08  30 
128  19  00 
130  41  00 

134  67  54 

135  33  05 

136  10  16 

136  38  53 

137  06  16 

138  27  46 

138  56^ 
140  38  46 

143  03  15 

144  67  00 

139  08  46 
138  48  30 

136  26  30 

137  03  30 

138  53  16 

140  15  45 
138  40  45 

138  26  2« 

140  59  30 

141  41  10 

142  11  31 

143  06  23 
142  36  16 
141  29  43 
138  46  46 

141  16  37 
140  53  36 

142  08  40 

144  14  45 

142  63  34 

145  30  64 
144  17  18 

143  31  17 

143  57  69 

146  22  45 

144  38  34 
146  24  45 
146  02  45 
146  1100 

146  20  00 

147  11  00 

148  16  00 
148  39  46 

1.   *. 

h.  «. 

ft. 

ft- 

12  00 

648 

LO 

0.6 

TnbnBi-UaaaorS«ia-itiI.:  NW.p»i... 
Eimeo  laland:  Talu  Hbr.,  ViDconnea  R.. 

Bola-BolalsUnd:  Ote^Vutua  village.... 
Tnbai  or  Uotu-iti  liluid:  N.  pt.  of  mef . . 

12  10 

600 

1.4 

a8 

UanguevaorGambierlBlaiid:  FlagstafE.. 
Uwuteaor  Lord  Hood  Idand:  Gent«r.... 

1  60 

803 

2.4 

1.4 

Horaoe  or  CadmuB  Inland  reenter 

TematangiMBIighlBUnd:  N.  pt 

Vaiuvana  or  Barrow  leltmd:  Cent^ 

Nnkutavateor Queen Cborlottol.;  N.pt. 
Bew  or  Clermottt  Tonnere  Idaad:  NW. 

I>£»-nlh»  or  Series  Isknd:  NW.pt 

V«hitahi  lalMid;  W  pt    .      ..... 

ilamm  ra  Bjun  Martin  Idand:  NW.  pt. 

FioflkJ  or  Wfitmrndoy  laUnd:  E.  pt 

Iktakoto  or  Ckrke  bland:  FlagBt^  on 

mo«'iaHarpelBlAnd:NW.  pen 

FaraoacH'GloaceBter  Island:  Center 

240 

865 

2.4 

1.4 

Hikueru  or  Melville  IsUnd:  £.  pt 

T»uere Island:  NWiit       .  ...     ..  .  . 

Angatau  w  Araktcheft  Uand:  Wjpt. . . . 
TSume  or  Wolkonaky  Mand:  KW.  pt. . 

Nihim  Island  (Tuanake):  SW.pt 

Tepoto  Island:  N.pt 

Httn^kitaCrockerlBifind:  SW.pt 

MakemoorPlulUps  leland:  W.  pan 

T.SJS  or  KiMB  I. :  Middle  of  W.  ahow. . . 

Ar»tikalBl^d:E.pt 

IVwu  or  Elizabeth  bknd:  Amyot  Bay. . . 

Raogiroaldan^E.pt 

430 

10  43 

2.1 

1.3 

ijGoogle 
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UABITIME  POSmOHB  AND  TIDAL  DATA. 
lUiUntB  OF  THE  PAOmO-Cantmuad. 


Jnui  Fernandez  Island:  Fort  S.    Juan 

BatiBla 

Has  Ahien  Island:  Summit,  4,000  ft 

8t.  Ambroee  Island:  N.  part  cieek 

St.  Felix  Island:    Center 

SalayGomez:  NW.pt 

Eastor  Island:  Cooks  Bar,  minion 

lUpaor  Oparo  Island:  l^nna  Islet 

Bass  laletfl  (Horotfri):  SE.  islet,  344  tt. . . 
Tnbwu  or  Aii8t]«l  la.,  Vavitoal.:  Canter. 

Tubuai  I.:  Flag- 
staff,  N.  side.... 

Bumtel.:  N.  pt.. 

Blmitara  I.:  Center. 

Hull  Island:  NW.pt 

Mangaia  Island:  Cent^ 

Barotonga  Island:  NW.pt 

llauki  or  Farrjr  Idand:  Center 

Uitiero  Island:  Center 

VatiuMAtiu  Island:  Center 

Qnvev  Islets:  Center 

AitotaH  Island:  Center 

Vavau  Island:  Port  Valdu,  Bandy  Pt. . . . 

Eao  Island:  Summit,  6,000  ft 

Tofua  Island:  Summit,  2  SOO  ft 

Toogatabu  Island:  Li^thouae 

Minwva  Beeb,  N.  U inerva:  NE.  side. . . . 
S.  Minerva:  8.  aide  of  en- 
trance  

Kennadec  Is.,  Kaoul  or  Sunday  I.:  Den- 

luuu  B.  flo^taS 

Hacauleyl.:  Center 

Curtiil.:  Centtf 

Conway  Reef:  Center 

Loyalty  I"- >  Uvea  or  Halgan  I.:    tTvea 

Church 

Lifu  I.:  Wreck  Bay,   NW. 

Manor Bhtannial.:  S.pt... 

PortKanala:  Observatory 

St.  Vincent  Bay:  Harceau  I 

Noumea:  Lighthouse 

BalariPaaa:  Amedde  I.  lidit 

Pott  Alcmeme:  Alcmene  I 

Norfolk  Island:  Inner  end  of  Jetty 

Elizabeth  Beef :  Center 

Lord  Howe  Island:  S.  end  of  middle  beach 

Balls  Pyramid:  Summit,  1,S16  ft 

Uacquarie  Island:  N.  pt 

Auckland  la.:  Port  Eoaa  Terror  Cove 

Campbell  Island:  8.  harbor,  Shoal  Pt. . . . 

Antipodes  Island:  Summit,  600  ft 

Bounty  iBlands;  Auchotage  N.  I.,  Wert 

Chatham  Island,  Whaie-Kauri  Island: 
PortWaitangi  Pt.  Hanson 

Chatham  Island,  Whare-Kauri  Island: 
Port  Hutt,  Gordon  Pt 


S3  37  30 
33  46  00 

28  18  07 
26  16  00 

26  27  41 

27  10  00 
27  35  46 

27  ee  30 

23  C5  00 

S3  21  45 
22  20  00 

22  45  00 

21  47  00 
21  49  00 
21  11  35 
20  17  00 
20  01  00 

20  04  00 
10  18  00 
18  64  00 

18  3S  02 

19  41  35 

19  4S  00 

21  08  00 

23  37  06 
23  56  00 

29  16  30 

30  16  00 
80  36  00 

21  44  46 

20  27  06 


21  29  12 

22  00  10 
22  16  22 
22  28  44 
22  42  SO 


31  31  38 
31  45  10 
M  19  00 
60  32  16 
62  33  26 
49  42  00 

47  43  00 


43  67  24 
43  49  03 


78  60  02 
80  46  00 

79  64  66 

80  06  66 
105  28  00 
109  26  00 
144  17  20 
143  28  21 
147  4S00 

149  36  36 
151  23  41 
IGS  56  00 

164  61  00 
157  56  00 

169  47  00 

167  23  00 
157  34  00 
I6SOSO0 

168  54  00 


174  01  DO 
174  60  60 
176  03  00 
176  12  00 


177  56  40 

178  31  45 
178  37  00 

Lone.  B. 
174  37  45 


166  03  30 
166  26  52 

166  28  61 

167  27  66 

167  68  06 
159  04  SO 

159  05  68 

160  16  10 
158  56  00 
166  13  20 
169  08  41 

178  43  05 

179  00  27 
mfe  15 
176  42  00 


10  16 
663 
«2S 


6  20 
760 


0  u 
"o'io* ' 


7  56 
7  80 


1  45 
1  17 


11  60 
11  45 
8  20 


APPENDIX  IV. 

ICASITDIE  POSITIONS  AND  TIDAL  DATA. 

AUSTBAUA. 


[TftCe  S01 


Gioate  E^andt:  SE.pt 

Bickerton  laUod:  Summit 

Cape  Amheim:  Ezt3em« 

Cape  WUberfoice:  £.  extrame 

CapeWeeset:  Extreme 

Dale  Point:  Extreme 

Cape  Stewart:  Extreme 

Liverpool  River:  W.  pt.  entrance 

Cape  Croker:  Extreme 

Port  EseioKton:  Govenunent  house 

Uelville  luand:  Cape  Van  Diemen 

BatbursC  Idand:  CapeFouicroy 

Adelaide  River:  £.  entnmce  pt 

Port  Darwin:  CharleaPt-U^t 

Port PatterBon:  Quaillalet. 

PortKeata:  Tree  Pt 

Pearce  Point:  Extreme 

Victoria  River:  Water  Valley 

Cape DuMejonr;  Rockoffcape 

Cape  Londonderry:  Extreme 

Cape  Bougainville:  Extreme 

Caamiulwuid:  S.  pt 

CkpeVoltKire:  FlatHilL 

Barker  lalata:  Center 

Hontalivet  Idando:  W.  idet 

UantUels:N.  islet 

Golbertlslet:  Center. 

nince  R^ent  River:  Mount  Trafalgar. . 

PortNelaon:  Careening  beach 

DeFtevcinetlaleta:  Beacon  en  nimmiU.. 

Red  luet:  Center 

CockellMet:  W.  pt 

UacLeayldetaiBockoON.end 

Port Uabome:  S.pt 

Fitz  Boy  River:  Eecape  Pt 

Gape  L'EvAqne:  Extrame 

Lacepedelaland:  NW.istet 

Oftpe  Baskerville:  Extreme 

Cape  Latouche  Tr^ville:  Extrame 

Turtle Mee:  CeuterofN.iale 

O^wlAmbert:  Extreme 

Lc^endra  laland:  NW.  extrame 

RoeenuLrylalond:  W.eummit 

Enderby  Island:  Rocky  Head 

Mbntebellalduid:  N.  extreme  of  reef..... 

Banow  laland:  N^t. 

Northwest  Cape:  Extreme 

Cap©  Cuvier:  Extreme 

Cape  lnacm>tion:  Extreme 

Houtman  Rockg:  N.  islet 

PMt  Gregory 

Cape  Lesd>enault:  Extrame 

Bottaeet laland:  LighUiouse 

P«th(Premaiitle):  Arthur  Head  light.... 
State  Obeervatory. .. 

Peel:  Robert  Pt 

Cape  Natur&liote:  Extreme 

CapeLeeuwin:  LighthouBe 

D 'En treowteaux  Point:  Extreme 

Nnyta  Point:  Extreme 

West  Cape  Howe:  Extreme 

Edipeeldeta:  Summit  of  largest 

King  George  Sound:  CommisBariat  house 
near  Albany  jetty 

«1828»— 18 23 


U  16  00 
13  46  00 
12  14  00 
11  53  00 

10  69  00 

11  38  00 
11  67  00 
11  64  00 

10  67  00 

11  22  02 
1108  00 

11  61  00 

12  IS  20 
12  23  20 

12  30  68 

13  69  00 

14  26  60 
16  13  46 

14  42  00 
13  44  00 
13  62  00 

13  67  07 

14  16  00 

13  66  00 

14  14  00 
14  23  00 
14  61  00 
16  16  36 
16  06  00 
14  69  20 
16  13  16 
16  46  00 
16  62  00 
16  39  26 


17  2 

15  23  00 

16  SO  00 

17  09  00 

18  29  00 

19  M  00 

20  36  00 
20  19  00 
20  27  00 
20  36  00 
20  16  46 

20  40  40 

21  46  41 
24  00  00 
26  20  19 
28  18  05 
28  12  00 

31  18  00 

32  00  20 
32  03  12 

31  67  09 

32  27  00 

33  31  46 

34  21  66 
34  62  00 
36  06  00 
36  09  00 
S6  11  64 

36  02  2 


136  68  00  . 

136  16  00  . 

137  00  00  , 
136  34  00 


136  4 


00  . 


136  07  00  , 
134  46  00  . 
134  12  00 
132  36  30  . 
132  00  18  . 

130  19  00  . 

129  68  00  . 

131  IS  30 

130  37  00 
130  27  0 
129  37  0 
129  20  42 
129  48  14  . 

128  10  00  . 
126  67  0 
126  12  0 
126  3S46  . 

125  39  0 
124  66  0 

126  12  0 


6  15 
4  67 
360 
646 
6  46 


11  27 
11  18 

10  00 

11  68 
0  27 


16.8 
17.0 
16.7 
21.9 


126  0 
124  42  0 
126  07  0 
126  (il  0_ 
124  32  11  . 
124  14  0 
124  04  0 
123  46  00  . 
123  36  27  . 
123  39  47  . 
122  66  46  . 
122  06  30  . 
122  16  0 
121  64  00  . 
118  48  00  . 
117  11  e 
116  46  00 
116  30  0 
116  23  0 
116  22  0 
116  27  46  . 
114  10  08  . 
113  21  00  . 

112  67  0 

113  36  33  , 

114  14  30  . 
116  30  00  . 
116  30  12  . 
116  43  48 
116  60  26  . 
116  44  00  . 
116  00  16  . 

116  08  00  . 
lis  01  00  . 
lie  38  00  . 

117  40  00  , 
117  63  46  . 

117  64  04 


■^ 
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MAKimn:  positions  ASD  TIDiL  DATA. 
AUSTSAUA-Co&tiiiiied. 

t 

^ 

LM.S. 

Lpng.B. 

LmLim. 

.^    1 

H.W. 

L.W. 

8k. 

Vmp. 

1 

S 
i 
1 

Baldlalo:  Center 

1.   m. 

).   ■. 

fl. 

/<- 

34  $6  00 
34  24  00 

S4  30  00 
32  67  00 
32  34  00 

32  01  30 

32  48  00 
34  29  29 
36  00  16 
36  20  16 
34  43  22 

33  44  08 

32  29  42 

34  28  26 

35  18  21 

36  07  31 
34  12  00 
34  60  25 

34  66  38 
36  36  46 

35  45  30 

36  6X00 
36  34  06 

36  67  00 
38  04  18 

38  26  00 
38  24  39 
38  23  47 

38  6145 

39  36  38 
38  IS  00 
38  08  62 

37  49  63 

38  29  42 

38  29  16 

39  08  00 

39  25  46 

40  1146 
40  18  40 
40  43  40 
38  45  06 
37  34  16 
37  SO  10 

37  16  40 
37  04  18 
36  18  30 
36  14  30 
36  43  68 
35  21  41 
35  09  15 
34  40  25 
34  25  30 

33  61  41 
33  61  30 
33  36  00 
32  56  16 
32  45  10 
32  26  20 
31  25  30 
30  12  00 
^9  26  30 

118  27  00 

119  34  00 

121  B8  00 
124  39  00 
126  30  00 

132  33  00 

134  13  40 
136  24  66 

135  66  09 

136  06  24 

135  6103 

136  67  22 

137  46  24 
137  22  21 

136  63  30 

137  49  39 

138  09  00 
138  26  68 
138  35  06 
138  05  29 
136  34  39 
138  07  46 

138  87  09 

139  39  39 

140  89  40 

141  32  39 
141  40  02 
148  14  37 
143  30  39 

143  57  03 

144  37  00 
144  21  47 
144  58  36 

144  52  51 
146  01  34 

146  25  16 

147  18  39 

148  04  00 

147  47  39 

148  07  24 
146  37  43 

145  55  10 

149  68  39 

160  03  04 

149  64  46 

160  0134 

150  13  84 
160  12  34 
150  29  29 
150  46  26 

160  62  19 

150  66  14 

151  12  23 

161  IS  15 
15120  30 

161  48  19 

152  13  20 

162  33  40 
152  56  10 

163  17  00 
163  23  10 

Eflcherche     Archipelago:     Tenaination 

11  60 

936 

6.1 

0.3 

036 

6  56 

6.6 

a3 

Fnskliii  Harbor:  Observation  spot 

820 

2  16 

11.4 

0.7 

Port  Victoria:  Wardang  Island  hut 

4  31 
404 

10  45 
10  22 

10.2 
6.3 

0.fl 
0.9 

PortAdelaide:  Vonga Shoal Uri^t 

Cape  Willomrhby:  Liitfatliouae 

400 

10  15 

6.8 

0.8 

pS?f  vlt«°*?Siifl^-^^"- . . . . . . : : : 

Ctape  Northumberland:  LighffiouBB 

11  52 

640 

4.2 

0.3 

020 

635 

2.7 

2.1 

PortRury:  i5riffitii  Island  wummit 

King  Island:  Cape  Wickhiin  i^ht 

10  43 
202 
2  19 

430 
6  20 
8  41 

2.6 
3.0 
1.9 

1.9 
2.3 

i;& 

Cape  Bchanck:  Lighthouae 

FortWeatera:  Extreme  of  W.  head 

Wilaon  Promontory:  Light,  SE.  pt 

Kentlsland:  Deal  Island  light 

Flinders  Is.:  BtrEelecki  PealB,  SB.  peak. 
Ooooe  Island:  Linton  8  end. 

10  38 

4  26 

8.1 

6.3 

Banks  Strait:  Swan  Island  li^t 

Pnrt  AlK«t-  T.i»}>thn.i<H 

Gabo  Island:  Lighthouse 

8  40 

2  27 

4.6 

3.4 

806 

1  62 

6.2 

3.1 

Montagu  Island:  Lighthouse 

820 

207 

5.3 

3.2 

BatemanBay:  ObsMration  head 

820 

207 

5.4 

3,3 

JerviaBay:  Lighthouse." 

Eiama Harbor:  Outerestremeof  S.  head. 

840 

227 

4.2 

2.6 

PertJackaon;  Outer  S.  Head  light 

Broken  Bay:  Baranjp  Head  lif^t 

Newcastle- Nobby  Head  li^tT. 

8  36 
8  16 

223 
2  00 

4.7 
5.8 

2.8 
3.6 

900 

2  46 

4.1 

2.4 

Clarence  Rivw:  S.  Head  light 

8  16 

200 

4.0 

2.4 

APPENDIX  IV.                                    [P»ge  S6S 

MARITIME  POSITIONS  AND  TIDAL  DATA. 
ATrSTBAUA-OoDtinned. 

1 

Pilot. 

Lat.B. 

Um,.K. 

U.U. 

.«.    1 

H.W. 

L.W. 

SPI. 

Nm*. 

9 

28  6130 
27  23  22 
27  28  00 
27  28  20 
27  02  10 
26  66  00 
26  00  16 
24  43  20 
24  46  00 
24  07  00 
24  0X20 
24  01  20 
23  63  00 
23  29  SO 
22  31  40 
2139  00 

21  19  15 
2132  00 
20  32  20 
20  18  50 

20  15  30 

20  00  60 
19  67  30 
19  41  60 
19  19  20 
19  U  26 
18  45  30 
18  09  30 
17  40  40 
17  09  45 
16  04  20 

15  46  00 

16  29  46 
15  16  30 
14  37  15 
14  10  00 
14  07  46 
14  00  30 
13  24  45 
12  6100 
11  58  16 

1166  00 
1146  30 
11  36  30 
10  41  30 
10  37  46 
10  22  00 

10  46  00 
10  36  06 

17  36  40 
17  38  10 
17  06  60 

163  36  66 
153  10  31 
163  01  36 
153  33  50 
153  28  04 
163  13  00 
153  23  00 
163  13  40 
162  26  00 
152  45  16 
151  41  04 
161  37  16 
161  23  60 
151  14  04 
160  46  44 
160  14  00 

149  43  30 
149  31  04 
148  68  00 

148  63  15 

149  00  00 

148  16  64 
148  27  34 
148  23  00 
147  27  40 
147  01  10 
146  42  60 
146  11  04 
146  1100 
146  02  30 
146  29  34 

145  28  30 

146  17  30 
146  23  16 
144  57  30 
144  82  84 
144  16  19 
143  42  16 
143  36  19 
143  34  00 
143  16  16 

143  29  00 
143  00  00 
142  66  19 
142  32  24 
142  39  20 
142  21  19 

142  10  60 
141  63  49 
140  37  06 
130  46  56 
139  38  36 

L    M. 

k.  n. 

ft. 

ft- 

Briabane:  Skud station,  Fu^Wmanb... 

10  45 

430 

6.4 

3.0 

Burnett  Siver:  B.  Head  light 

RoddBay:  Spit  end.. 

Port  Curtis:  Gatcombe  Head  li^t 

hoel 

Comberiand  Itland:  Whitminday  I.,  sum- 
mit on  W.  ride 

Port  Demson;  Obe.  pt.,  W.  side  of  Stone 

10  05 

353 

9.0 

6.4 

Qbuceetei  Island:  Bumnutneai  N.  end.. 

Cape  Bowling  Oteen:  Lighthouse 

Cape  Geveland:  Li^thouse 

Palm  Islands:  BE.  point  of  BE.  island. . . 
Rockdndiam  Bay:  Peak  of  Goold  Isle. . . . 

H'>W  ?>'<""*-  R  "lot 

a  66 

243 

7.6 

4.6 

Cfme  Melville:  NE.  extreme 

Flmders  Island:  N.  extreme  of  N.  Island. 

900 

2  47 

9.6 

5.8 

Sir  Charles  Hardy  Island:  N.  extreme  at 
8E.  isle            .                 .      , 

TT.T,T.,T«il  TbIa.-  V.   i.lA 

1  00 

7  10 

8.0 

4.7 

Prince  of  Wales  Island:  Capo  Cornwall, 

420 

10  30 

7.8 

4.7 

i/Google 


P.ge  SM]                                 APPENDIX  IV. 

UABITDCE  POernONS  AMD  TTOAL  DATA. 
TAaiUllU. 

1 

PlM. 

LaLS. 

Um,.X. 

Lna-tU. 

B«». 

H.W. 

L.  W. 

Btf. 

IIMP. 

40  44  15 

41  03  25 
41  07  06 
41  10  00 
41  08  30 
41  02  60 
40  23  40 
40  40  10 

40  22  00 

41  04  00 

41  41  00 

42  11  37 

42  1100 

43  19  00 
43  33  30 
43  44  30 
43  29  40 
43  2100 

42  63  26 

43  14  00 
42  62  00 
42  13  00 
41  34  00 
40  59  40 

147  66  00 
146  47  64 
146  33  30 
146  24  30 
146  12  00 
146  68  30 
144  47  45 
144  39  44 
144  39  19 
144  44  00 

144  67  00 
146  12  34 
146  10  30 

145  53  00 

146  0104 

146  22  04 

147  08  49 
147  23  40 

147  20  07 

148  02  00 
148  00  00 
148  18  04 
148  19  30 
148  20  60 

^.     m. 

1.    tt. 

ft- 

/I- 

Port  Dalrympler  Low  HwmI  light 

Port  SoweU:  NW.  entnmce  head 

11  10 

600 

9.0 

(.9 

■RnntarUt.nA-  H   pi. 

OapeOrim:  Outer  t>oughbo]r  Ldet 

Albatrow  Idet:  N.  pt.7!T 

Pieman  River:  Bocb  cloM  (o  «nlnnce. . 

Hacquaris  Harbor:  Entnnoe  blet 

CapeScnraU- Lighthouae 

7  80 

107 

2.7 

21 

.  ..  , 

HobartTown:  Traudtof  VenuaaUtion... 
C»a  Pillar:  Taaman  lalfft    

806 

162 

42 

3.1 

Cai»  Prwlerit  Hendrik:  Extreme 

St-KtrickHead:  N.pt 

NBW  ZKALANT*. 

1 

ThTM  Kings  Idanda:  NE.  «xtf«OM  ei  NE. 
island^ 

34  06  20 
3426  07 
54  8100 

36  00  20 
36  0144 

36  17  00 
36X3  46 

35  6100 

36  01  15 
36  60  06 
36  48  36 
36  28  20 

36  26  20 

37  36  26 
37  30  00 
37  30  46 

37  40  00 

38  20  SO 

39  18  00 
39  28  30 
39  38  00 
41  36  46 
41  21  40 
41  17  17 
41  17  04 
40S10 
39  67  00 
39  18  00 
39  03  36 
38  04  60 

172  06  49 

173  OS  H 
173  00  64 

173  32  39 

173  45  48 

174  06  06 
174  21  24 
174  31  14 
176  26  34 
174  61  00 
176  24  34 
17B21  04 
176  49  00 

176  10  14 

177  10  49 

177  69  34 

178  36  09 
178  20  14 

177  63  16 

176  54  14 

177  06  44 
176  18  45 
174  61  04 
174  47  26 

174  46  04 

175  14  40 
174  59  44 
174  W  69 
174  04S8 
174  48  04 

Parenga-reimau'bar:  KohanPt 

740 

726 
7  16 
706 

130 
166 
106 

055 

6.4 
6.9 
6.8 
6.7 

4.6 
42 
46 
4S 

720 
706 

1  10 
066 

ia8 

10.7 

7.7 
7.6 

Tauranga   Harbor:   Mount   Maungaaui, 

7  06 

066 

6.1 

44 

8  10 
800 

200 
160 

6.6 

6.8 

47 
68 

U^  Peninsula:  S.   extreme  of  Port. 

606 

12  16 

3.5 

8.0 

440 

10  60 

6.7 

49 

462 

10  64 

3.6 

81 

9  40 

330 

6.3 

5.4 

916 
9  10 

306 

300 

11.6 
1L9 

&2 
6.6 

..'Google 


APPENDIX  IV.                                 [P«e  8U 
mBimiB  HMITIONS  AND  TIDAL  DATA. 

jmw  ?ni*T.Awp-Cootii»Md. 

1 

PkM. 

Lat.  8. 

L<»f.K. 

LmLlnt. 

^    1 

H.W. 

L.W. 

Bpc. 

N«v 

1 

1 

s 
1 

5 

1 

■ 

37  (W35 
37  «22 

37  03  W 

38  23  00 
35  82  06 

41  44  00 

43  46  40 
436400 

44  04  60 
44  64  60 
46  40  65 
46  24  06 
40  27  10 

40  37  00 
48  20  40 
46  36  00 
46  10  00 
46USD 
46  02  07 
44  40  20 
44  00  30 

42  26  20 
42  42  20 

41  4fi  40 
40  29  60 
11  16  06 

40  46  36 
410166 

41  20  28 

46  60  30 

46  68  30 

47  03  62 

47  1140 
46  46  46 

48  06  43 

174  60  01 
174  62  19 
174  31  14 
174  08  00 

173  21  69 

174  17  14 

172  44  17 

173  00  20 
17148  34 
171  11  14 

170  44  02 
169  47  63 

169  60  04 
168  23  00 

167  42  19 
166  54  01 
166  38  16 

166  26  49 

168  40  06 

167  64  46 

168  21  31 

171  11  64 

170  69  30 
171 '27  « 

172  41  04 

173  17  30 

173  64  01 

171  11  22 

174  08  24 

16S06  31 
168  09  54 
168  10  67 
167  40  61 
167  36  49 

166  27  44 

1.    m. 

i.   m. 

fl. 

ft. 

9  08 
006 
900 
840 

446 
346 

256 
2  50- 
260 
230 

11  00 
10  00 

12.3 
12.6 

lao 

8.2 

7.6 
7.4 

a? 

9.0 
7.1 
&6 

65 
58 

HolDuigftRiTer:  FlagBUaat«i)tnmc«.... 

Oti^oBSirtwr:  Taivoa Head  light 

3  31 

9  39 

66 

4.4 

105 

7  16 

7.8 

&2 

Bohnder  laWda:  Summit,  1,100  ft 

11  10 

500 

7.5 

6.9 

10  10 
10  20 

400 
4  10 

8.8 
9.5 

7.7 
7.5 

965 
945 

3  45 
3  35 

12.0 
11.6 

9  4 
9.2 

Port  Gore:  Headof  MdviDo'Cove 

600 

12  16 

7.6 

6.6 

1  00 

9  15 

7.8 

6.2 

Fort  Adventure:  White  Beach,  8.  end 

1146 

540 

7.9 

6.2 

THB  ASCnO  RBOION&.                                                            | 

IM.V. 

66  00  00 
64  04  00 

62  33  00 

63  42  00 

69  2100 

70  09  17 
70  38  14 
70  06  00 
73  09  13 
73  13  39 
73  13  00 

73  60  06 
76  49  00 
8104  40 
82  27  00 
82  40  00 

82  64  00 

83  07  00 

74  47  10 

68  56  00 

Lraig.W. 

69  28  00 
77  60  00 
9106  00 
87  16  00 
81  3100 

91  30  33 

92  10  66 
96  47  00 

89  00  54 
SS  64  48 
91  08  00 

90  12  00 
73  10  00 
64  46  00 
61  18  00 

63  38  00 

64  16  00 

70  20  00 
110  48  15 

179  57  00 

4  00 

10  15 

12.0 

5.1 

6  60 

040 

8.0 

4.2 

11  38 

6  29 

5.6 

2.9 

10  35 

420 

2.6 

LO 

CapeJoaenhHwiry:  N.  axtreme 

120 

740 

3.8 

1.9 

, 

FaK«  359)  APPENDIX  IV. 

MASITIUE  POSITIONS  AND  TIDAL  DATA. 
THE  ABOnO  BSaiCnra-ContiDUMl. 


Li»khov  lelaiitis:  E.pt.  of  New  Siberia.. 

C>pe  Tscheliiukin:  E.  pt 

NovftZembb:  Vaigatal.,  N.  pt 

Cape  Coetin  (Kofltina)... 

NB.pt.,  Cope  Desire 

Franz  Joaef  Land:  WilczaKl 

Ueien:  Emphany  Church 

Mono veU  Island:  Lighthoufle 

Arcnansel:  Trini^  Cliurch 

Jighinsk  Island:  LighthouM 

Onega:  St.  Michael'a  Chuich 


DaneeL.BobbeBay 


Cape  Uorria  Jeeup 

Thank  God  Harbor 

Cape  York:  Extreme 

Upernivik:  Flagstaff 

Proven:  ViUaM 

Omenak Island:  Village.. 


Jacobshavn:  ' 

Claushavn:  Tillage: 

Chriatlansbaab:  Village 

Egedeemimde:  Village 

Wbalefiah  Island:  Boat  Inlet. . 
Holsteinberg:  Village 


NySukkertop:  Village 

Godtbaab:  Flageteff 

Bermelik Fjord:  EasukPeak... 

Fiskemaes:  Village 

Jensen  Nunatak:  Teak 

BavnStoro:  Peak 

Frederikshaab:  Church 

EannnsukBavn:  Village 

Anuk:  Pingo  Beacon 

Eajartalik  iBland:  Summit — 

Ivigtuk:  House 

Bangs  Havn:  Anchorage 

Aurora  Harbor 

Julianshaab:  Village 

Neunortalik:  Vilhwe 

Ftederiksthal:  Vilbge 

Cape  Farewell:  SUtenBuk.... 

Aleuk  Islands:  Center 

CapeTordenskjold;  Extreme.. 

Cape  Bills:  Exti«ine 

CapeJuul:  Extreme 

Cape  Lowenom:  Extreme 

Danneebrog  Island:  Beacon — 


Ingoldiel 
RignyM< 


ield.. 


Rigny  Mount:  Summit 

Pendulum  Islands 

Cape  Philipp  Broke 

C^w Bismarck:  Extreme.. 


75  10  00 
77  41  00 
70  25  00 
70  56  00 

76  68  00 
79  66  00 
66  60  18 
66  46  50 

64  32  06 
66  12  17 

63  53  36 

65  07  00 

68  06  61 
74  30  00 
76  36  00 
79  SO  00 
79  42  00 

UtN. 

83  39  00 
81  38  00 
76  65  00 
72  47  48 
72  20  42 
70  40  0 

69  14  04 
69  13  12 
69  07  30 
68  49  06 
68  42  30 

68  68  30 

66  65  64 

65  48  42 

66  24  30 

64  10  36 
63  29  12 
63  06  12 
62  50  00 
62  42  36 
61  69  S6 
61  28  20 
61  10  24 
61  09  42 
fll  12  12 
60  47  30 
60  48  86 
60  43  07 
60  08  12 
60  00  00 

69  49  00 

60  09  00 

61  25  00 

62  01  00 

63  14  0 

64  30  00 
66  18  00 
66  10  02 
69  00  12 
74  40  00 
74  65  00 
76  47  00 


160  30  0 
104  01  0 
69  10  0 
53  01  5 
66  40  0 
58  46  0 
44  17  0 
42  30  0 
40  33  a 
36  61  3 

38  06  3 
36  37  0 

39  48  6 
20  000 


1  44  00 

5  30  00 

6  53  42 

6  20  00 
I  6»00 
3  24  07 
0  66  30 

0  66  30 

1  00  00 

2  46  00 

3  27  00 
3  40  IS 

3  23  00  . 
2  64  00  . 
1  46  48 

1  10  48  . 
0  43  36  . 

8  67  00  . 
0  20  48  . 

9  14  00 

8  51  00  . 
8  26  00 
8  30  42  . 
8  10  30  . 

7  52  00  . 
7  46  48  . 

4  01  00 

5  16  00 
4  40  00 
4  01  42 

2  55  00  . 
2  16  00  . 


8  17  00 

7  33  00 

8  40  00  '. 


7  18 
606 
9  02 


io'so" ' 


668 
'438  " 


0  00 
"663  12.0 


r>' Google 
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lusrnME  rosmoHS  akd  ttoal  data. 

THB  ABono  RBOHWS-Omttaiicrf. 

t 

Ftaoa. 

Lat.H. 

Lo»g.W. 

LuiLlaL 

^    1 

H.W. 

L.W. 

Bpf. 

Vrnf 

1 

Jutlbyen  bbiid:  Ht.  Beeranberg.  6,870 

710*00 

71  OB  00 
7100  00 

66  22  46 
66  32  40 
66  93  42 
66  07  30 
66  27  29 
66  26  30 
65  30  15 
64  48  04 
04  08  40 
6*04  09 
63  48  06 

63  48  10 

64  36  42 

64  66  27 

65  10  14 

66  46  00 

736  00 

726  00 
828  00 

14  30  46 

16  10  24 

17  67  36 

20  06  26 

22  23  04 

23  08  00 

24  31  26 
23  46  08 

21  65  00 

22  39  04 
22  89  00 
16  36  13 
1*08  31 
13  41  10 

13  32  22 

14  23  36 

L    m. 

k.     M. 

A 

ft- 

Youi^  Foroland,  or 
HMyMoasB«y 

1121 

606 

3.8 

2.2 

NWth  ^i^-  Kfl<fft?n-ilr 

6  10 

11  26 

14.6 

8.4 

C»peBk«gi:I.khthouBe 

ijGoogle 


P«««8«l 

INDEX  TO  APPENDIX  IV. 

Admiraltvldanda... 

Adrii^cSflft 

Africa,  enat cooat. .  . . 

north  coMt 

w«atcoMt 

Atabwna. 

Aluka 

Albania 

346 

.  316-821 
.  323-325 
.  320,321 
.  321-323 

281 

.  287,288 
318 

KKOtONe  AND  OOASTfl. 

East   Indian    Is.,    smaller 
Dutdi 332 

Ecuador 302 

Ueditertanean  Sea. . . 

815-321 

Sii^fpr*::::::::.^il 

Molukka  Islands 332,333 

Morocco 321 

Moaqulto  Coast 286 

Caledonia 850 

Newfoundland 279,280 

New  Guinea  Island 346 

Hebndee  Islands 347 

Jersey 283 

South  Wales 352 

Ywk 282,283 

Zealand 354,355 

Nicaragua 286 

North  America,  east  coast  279-287 

westcoast-...  287-291 

Australia 351 

Carolina 283 

IsLuid,NewZealand  3H  355 

Norway 307,308 

NovaSwda 281 

^d^iiinda.'.::::::: 

Enrope,  Atlantic  coast 
Falkland  Islands 

....  346 

304-316 

....  301 
347,348 
....  281 
....  338 

Algeria. 

AiE. 

Arctic  regiona 

321 

327 

.  366-367 

Florida 

Formosalaland   .    ... 

Fnaice,    north    and 

wert 
313,314 
....  316 

....  342 

....331 
....  283 

310-312 
....  312 

304-307 
....  319 
....  356 

A^«aatcoa«t 331-S*2 

islanda 332 

aouth  coast 327-330 

Atlantic  Ocwm,  Uanda  302-30* 

Anrtialia. 361-353 

Aurtria 317,318 

France,  south  coast. . . 

Gasp^lnit 

Georgia 

Germany 

Gilbert  Islands 

Great  Britain 

Greece 

Bahama  Islands 

Balearic  iHlanda 

BaluchistaD 

292 

316 

328 

Guiana 

Haiti,  island  of 

Holland 

Honduras 

Iceland 

India 

Indian  Ocean,  islands. 
Italy 

Jamwca 

JftP«> 

Java. 

Eeignelen  Islands. . . . 

Korea 

Kuril  Islands 

Laccadive  Islands. . . 

Ladrone  Islands 

Louisiade  Archipelago 
Louisiana 

....  296 

293,294 
....  344 
....  813 
....  286 

....  367 
828,329 
325-827 
316, 317 

....  283 
339-341 
....  331 

....  327 
....  339 
....  341 

279,280 
....325 
....  344 
....  347 
....  284 
....  290 

....  326 
....  303 
....  280 
281,282 
329,330 
....  325 
....  344 
....  345 
....  343 
....  283 

s-s° 

813 

.  286,286 

Black  8«a 

Borneo 

Biaiil 

.  315-321 

! '296, 297 
.  288,289 

Pacific  Ocean,  islands. 

342-360 

Pelew  Islands 

....  344 

Canary  lalande 

CftpeBretonlaland.. 

Verde  Idanda. . . 

Caroline  Islands 

289 

303 

....  281 
303 

Peru 301,302 

Philippine  Islands 333-336 

Phases  Islands 315 

PoHo  Rico 294 

Portugal 314,316 

Prince  Edward  Island 280 

Queen  Charlotte  Idands....  388 

Central  America, 

east 
285-287 

291 

329 

.  298-301 
.  337,338 

337 

....  331 

woatcoart... 

&:■■■;:;::::::;: 

China. 

Sea 

Entrance.. 

324,325 
282 

westcoast 

St.    I*wrence,    River 

Gulf 

Samoan  Islands 

Santa  Craa  Islands... 

Biam,Gulf 

Siberia 

Society  Islands 

309,310 

and 
....  280 

....  318 

347 

....  316 
....  33« 
341,312 

Cochin  China 

Colombia,  north  coast . 

westcoirt 

Connecticut. 

Cook  Islands 

Coral  Sea  Archipelago. 

Corsica 

Costa  Bica 

336 

-  296,302 

'282,283 

350 

347 

316 

ttldMraWwdi."!"! 
Maiiie.. 

ifaKiri^di.'.'.::;: 

Mariana  Islands 

Harqueaaa  Islands. . . 
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Scott  Cipo.' '.'.'.'.'.'.'. 

Scutari.". 

Sea  Bear  Bay 

Bock..:. 

Seal  Cays 

Salvage  Wands. 

Sal vore  Point. 

Sama,P(»t  and  Peak 

Cay. 

SamancoBay 

Samar  Island 

Shiaeh-Kotan  Island... 

Shields,  North 

ShimizuBay 

341 
306 
340 
340 
283 

Shipbhmd...: 

'Shoal 

Shipnnaki,  Oipe. 

Shiiasu  Reef..„ 

Shoals,  lelee  of. 

284 
284 
341 
340 
282 
289 

Samos  Island 

Kffid:::::::::.. 

leland...;. 

Siargao  Island 

331 
336 

(l.n  ^lu  n..if 

Smo  Island 

Seattle 

Sebastopot 

Sed^gai^yi;!!!!'!!.'! 

W.r:'!-.-.;.:;;;:::: 

Seiro  Island 

Seiatan  Point 

SeId<Mtt-come-by  Harbor.  . 

Semeny  River 

Semerant  Island 

SemiamooBay 

Semitme  Island 

Key. 

Sandabi  Harbor 

Sandalo,  Cme. 

Sandfly  Car... 

Siberoel  Island. 

Siboga 

SibncoBay 

Sibutu  leland 

330 

.  336 

336 

Sidmouth,  Cape 

Siena  Leone 

Sfe-;;:::::: 

Sihut 

Silan 

SUaqui  Islet 

SUvlrBaak 

353 
322 
320 
319 
291 
327 
286 
334 
292 

Sandwich  Island 

Islands 

Point 

Sangwin  River 

Sambellsland. 

SaniatyHead 

SannaHiIaland 

Santa  Cruz  del  Sur 

Santtmder 

River 

?^*fa:;.v.:::::: 

Cuba 

Port. 

Santo  DotfungoGity 

Santona. 

Santos 

SaoJoiodaBena 

Saona  Island 

Simoda 

Simon.  St.,  Island 

SimonoS  Island 

Simons  Bay 

SimpBon,  Pc»t 

Simusit  Isliind 

Singapore 

Siugkel  Island 

iSfMff:::::::: 

Singora  (Sungkla) 

Sinon 

Sinope 

Siphano  Island 

Siqnii<«  Island     .  . 

287 
340 
283 
348 
336 
323 
288 
341 
330 
S30 
330 
337 
336 
322 
330 
319 

n»1«  Taland 

SermolBlaiid 

SenanaBank 

Seekarlslet 

Setubal 

Suanguni  Islands. 

Sarawak 

River 

Sariguan  Island 

SaiHtoonHiver 

Seven  Heads 

Sfc 

Shag  Rocks 

ShSah 

Shahr,  Abu 

Shaikh  Sbu'aib  Islet 

Shaluitien  leland 

ihSffRiiw.::::.'.'.'.'.: 

Shantar  Islands 

Siiik,'Cape 

BirivaSiiU 

sitkaV.V.V.'.".'.!!'.!!'!" 

333 
340 
2S6 
288 

Saseno  Island 

SatanoMioaki      

Salawal  Island 

Sanger  Island  

Sauguir  Island 

Skagataas  Point 

Sk«gi.CH« 

357 
357 

abvGoogle 
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SfcagiBad 

Skaw.GkM 

Skethgi  Bocbi 

SkerrieflBocto 

Skenvvoie  Rocbi 

SkuttaoalHUnd 

8kideg»teBay 

Skooiffuide 

Bkumbi  River 

Skyriog  Monntaiii 

Sl^oBsy 

SlyneHeod 

SmallaRocto 

Smerwick...... ,  - -  - 

Smith  Uand,  Jtpui 

Wadiingtim 

Smynik 

SuMfeltoYoknl 

Snwee  Iilands 

SocoRO  lelaud,  Chile 

HexKO 

SoderSkan 

SodflTum 

Sodeihaouii 

SofaU 

Sohar 

Sokotnt  laUnd 

golklaluid 

Solander  lilondfl 

Solitary  laUnda 

Solombo,  Great,  lalaod... 

Solomon  lal&Dda 

Soltaldand 

Btmbngo 

Key 

Rock 

Sommer  Idand 

SoiQ-yoi  Point 

SonaMol  Idand 

800  Bay 

SorelleRocki 

6«H<cil  Island 

SoirelRock 

SMreQ,  Cape 

Port 

Soraogon,  Port 

gonnuhu  Island 

Souvaroff  Iiland 

Soutli  Cape,  Formoea 

N.  Guinea 

Rock 

Water  Cay 

Southampton 

SoutlueaCiBtie 

Southwest  Cape 

Reef 

Spalato  Panage 

Port 

Span)  Vestervik 

Spartel,Cape 

Bpaitivento  Cape,  Italy. . 

— ' — ■ Sudmia. ...._. 

Spencer,  Cape 

Spezsia 

Bpikenmg 

Bpiridioiie,  St.,  Prat 

^itsbetgen 

Spodabjeig 

Spam  Head 

Square  Hsndherduef  Ban 
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Figa. 

StaabieieHuk 357 

Stack.  South 304 

Stade 311 

StagRocki 307 

Stamp  Harbor 288 

StampaH  Island 319 

Stanley,  Port 3W 

Starbuck  Island 345 

StartPoint 304 

Startpoint 306 

Staten  Island 298 

SUunton  Islaad 338 

Stavanger v.  306 

Steilacoom 289 

Steiokirchen 311 

Stemsheeten 308 

StendkwBock 310 

Stephens,  Port 352 

Stettin 310 

Stewart,  Cape 361 

Stewart  Islands 348 

StitrupCaya 292 

Stirsudden 310 

Stockholm 309 

StoningtoD 282 

Stopelmflnde 310 

Stora 321 

Stomoway 305 

Btot 307 

Stralsund 311 

Strati  island 319 

Sti&tmuiess  Point 357 

Streaker  Bay 352 

Sbeckelsbeig 3U 

Strogonot  Cape 288 

StrSmatad 308 

Stromtangen 308 

Strong  Isbind 343 

Stiovathi  Island 319 

Stuart  Island 287 

Su&kin 324 

Sual 334 

Subic 334 

Succadana 333 

Suda,Port 319 

Sueik 327 

Sues 324 

Su&ren,Cape 341 

Sugar  Loaf  mnt 352 

Sudirah 327 

SuklBland 343 

Sula  Islands 332 

Sulphur  Island 345 

Sumbawa  Island 332 

Sumburrii  Head 3% 

SundaStrait 331 

Sunday  Island 350 

Sunderland 305 

SundsvaU 300 

Sunmiyani 328 

Sup6 301 

Sur 820 

Sonbaya 331 

Sural 828 

River -328 

Surigao 336 

Surop 310 

Susaki ; 840 

SuwanoeeJima 339 

Suwarrow  Island 348 


SvaUecort  Tnnl 

Svarlklubben 

Bvendborg 

Svenor :_   _ 

BviatoiNos 366 

Svinoen 306 

BwaUowBay 299 

Islands r- 

Swaa  Islands 

Swansea 

Bwatow 

Sween  Island 

Swinerounde 

BybilloBay 841 

Sydenham  Island :"" 

Sydney,  Australia : 

i^rbor.G.Bietonl...  :k.i 

Syneavaide  Mountain 306 

Syia "•- 

Syracuse 

Tabaco 

Tabasco  Biver.' 

Tabertseas 

Tablas  Island 

Point 

Table  Bay 

Head 

Island 

Taboga  Island 291 

TabouRiver "" 

Tacloban 

Tacoma , 

Tacorady  Bay 

Tae  Islands 337 

Tagulanda  Island 833 

Tshiti 349 

T«hoa  Island 349 

Tfthuat*  Island 345 

Taiaro  Island 349 

Tai-pin-san 

Taier,  Port 

Ta^Yama 

Takapoto  Island 

Takau 

Takhkona  Pmnt 

T^bo,  Cape 

Talcahuano 

Talinay  Mountain 

TWtaI,Port. 301 

Taluat  Island — 

Tamana  Island 

Tamandar6 

TamarPort 209 

Tamalave 

Tambelan  Island 

Tampa  Bay 284 

Tampat  Toewon  Point 330 

Tampico: 286 

l^msui  Harbor. 338 

TtnabeBay 340 

Tancook  Island 281 

TsngaBay 324 

Tangier. 321 

TanjotutBarram 333 

Datu 333 

— —  Hangkalihat 333 

RBrfan 331 

Patani S3< 

TaimalsUDd 347 

D,nt,z.nbyL-.OOglC 
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Tuilaag,  Fort 32ft 

TRoiumu 348 

ToOTmina  Cape 317 

Tapiu  lal&nd 347 

TapulIaUnd 336 

TbputeuM 342 

TaraHiU 307 

Twanto 817 

TkrawaLdand 342 

Tarbertoew 305 

Tsrila 315 

Tuitui  Island 342 

Tarpaulin  Cove 282 

Tariagotia 315 

Tu  de  Foin  Islet 339 

Tatakoto S49 

TatHupiSakL 340 

Tauere  iBland 349 

Taonnga  Haibor 354 

TauM>n,Capo 32« 

Tavolara  Cape 316 

Tavoy  Eiver 329 

TaytaoCape 800 

TaytayFort 333 

TcheHnfi 320 

Tcboukotflkcd,  Cape 342 

Tegal 331 

TeEor  Island 332 

Tellicheni 328 

Tello  Islands 332 

Tematangi  Island 349 

Tenasaenm 329 

Tenedoa  Island 320 

Teneriffe  Island 303 

Tenez,  Cape 321 

TepocaCape 290 

Tepoto  Island 349 

Tequepa 291 

Terceiia  Island 302 

Teren,  Sta.,  Bay 290 

Terkolei 330 

T«rmin(M  Lagoon 285 

Temate  Island 333 

Terstenik  Rock 318 

T«8ta,Q«ie 316 

Testigos  Islets 295 

Tewaewae  Bay 356 

Thabi,Abu 327 

lliank  Ood  Harbor 356 

Thermia  Island 319 

Thikembia  Island 348 

q^iUkia  Island 348 

Tbanias,St.,l.,B.otBiafra  322 

weet  Indies.  294 

Thom*,  St.,  Cape 297 

ThcH-ton  Haven 338 

Itree  Kin^  Islands 354 

Points  Cape,  Abica...  322 

Argentina...  298 

Eonduraa...  286 

Ti-ao-nsu  Island 338 

Tiburon  Island 290 

Tiegenort 310 

Tien-pak 337 

Tientsin 338 

TiUyBay 299 

Timbalier  Island 284 

linuK  Island 332 

Lautlsland 332 

Tinakula  Island 347 

Tinian  Island 344 


n^CKA— coDtintied. 

Tintolo  Ptdnt 335 

TirbyPMDt 287 

Tirucbendore 328 

Toass  Island 343 

Toau 349 

Toba© 295 

TobiBhima 340 

TobolAli 331 

Tocopilla 301 

TodoB  Santos 290 

T*hJo  Island 325 

Tofua  Island 360 

TtAaiaJima 339 

TokeUn  Islanda 345 

Token  Bessi  Island 332 

T(4io 340 

TolagaBay 354 

Tolkemit 310 

ToinBs,San 290 

TomoBoads 340 

Tongarewa  Island 345 

Tongatabu  Island 360 

TongkaHaibor 329 

Tongoi 300 

Tong^ang  Harbor 337 

Tong-ting  Islet 338 

Tonning 311 

Topolobampo 291 

Tflr 324 

TorbJOTnskiaar 308 

Twdenskjold,  Cape 356 

Tt^auten -308 

ToriwiSaki 340 

Tomea 309 

Toro  Point 287 

Torres  Island 347 

Point 297 

Port 316 

Tortola 294 

Tortosa.Cape 315 

Tortuns  Isluid 295 

ToryBill 307 

Island 306 

ToecoCope 290 

Totoyalsland 348 

Toulinguet  Islands 279 

Toulon 316 

TouraneBay 336 

Towerslsland 342 

Townaend,  Port 289 

Tnenen 307 

Trahlgar,  Cape 315 

TraleeBay 306 

Trani 318 

Trapani 317 

Travemunde 311 

Traven  lalandB 353 

Tr«aaiiiy  Islands 346 

Trebiaond 320 

Tregoaee  Islands 347 

Trelleborg 309 

Tremiti  Islands 317 

Trepaasey  Harbor 279 

Tree  Uontes  Cape 299 

Puntas  Cape,  Chile....  299 

Veneiuela...  296 

TrevoaeHead 304 

Trianglee 286 

TribuUtion,  Cape 353 

Trieste 317 

Trincomali 329 


Tringano  River 

TrimdadHead 

Island 

Tripoli,  AMca 

Turkw 

TrisUn  da Canha ___ 

Triton  Bay 34« 

Island — 

TriuntoCi^w 

Trivandntm 

Trobriand  Islands 

Twaneltn  laland.Caroline  Is.  343 

Indian  Ocean —  326 

TromsO 

Trondheini 

Troon 

TruxiUo 

Tsau-liaitt-ltai. 

TschetJuaLin,  Cvp* 

TsDuno 

TsuSima ___ 

Tsukarase  Bocks 340 

Tsunin 

Tuanske Island ___ 

Tubai  Island 3tt 

Tubuai  Islands 350 

Tubuai-Manu  Island 349 

Tucacas  Island 

Tuckers  Beach 

Tukume  Island 349 

Tully  Mountain 306 

Tumaco ""* 

Tumbei 

Tung-chuh  Island 

Tung-yung  Islands 

Tuni-anglsland. 

Tunis 

Tuna  Island 

Tupilco  Biver 

Tureia  Island 349 

Turk  Island 292 

Turnabout  Isbuid 337 

Turfl  Island 312 

Turtle  IsUtnd 348 

-Wea. 351 

.TuskarBock 307 

Tuticoiin 

Tutoya 

Tutuila  Island 

Tuvutha  Island 

Tuxpam  Beefs 

Tuxtla  Volcano 

Twelve  Ishtnds 

Twofold  Bay 

Tybeelriasd 

Ty-Iung-kvoh  Island 

Tynemoutb 

TJa-Huka Island __. 

Ualan  Island 343 

Ubatuba 297 

Uealsland 848 

Uielans  Island . 

mShima 

Uleabwg 

Ulietealehuid 

UlkoKallaBock 309 

Ulladulla "" 

UWre 

TJhithi  Islands 

Umea 

Dintiz.ribyGOOgle 
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Una 2B7 

Unftlaaka  Idand 287 

■Dii««B»y 298 

TJndenitJalet 32& 

Underwood,  Fort 355 

UngftUand 287 

UmeWaad 81B 

UnionB»y 208 

-Mwids 345 

-Pcatdela 291 

Unawig 333 

Upenuvik SBfl 

Ujai^tPort 299 

m^ 309 

^DOloIdandB 348 

Ur^woi 340 

Umcaaldanda 344 

Unipldand 341 

Usbcsne,  Fort 351 

Usedom 311 

Vabaot 313 

UatiaUuid 317 

UleUet 309 

Utiltalahad 28fl 

Utrecht 313 

Uv«ftlBl«uid 35e 

V»d« 307 

V&hftna  liUnd 34S 

VahiMhilakad 34E 

V»itupu  Maud 34S 

V»M«aIfllaad 2Si 

VaWivia 3O0 

Valencia 311 

Vatentia 30« 

Valentane  Harbor 2911 

.St.,CM)e 29S 

VafcayenCaui,  St 313 

ValientsFeok 287 

Valientealdanda 343 

Valpaiaiao 30C 

VoaavaDaldand 34{ 

Vancouw 28( 

Vaaitowo 341 

VauMB an 

VanualAvaldand 341 

-LevuUand 34( 

-  IfbabTa  Idand 34! 

Tardo 301 

VareUaC^« 33( 

Pulo f 33( 

VamaBay 32t 

VartMand 341 

Ta(hi,Fort 319 

Tathilalattd 

Taloaldand 

Tatu  Lele  Island 

. ■Varaldand 

VavBuIdaod 

VaTitM  Island 

Vaza  Bairia  River 

Te^ 

Vtra«laland 

Vela,  La,  Cape. 

Venangoe  B«  Bay 

VendiWfPort 

Ver,  Point  de 

VeraCni* 

Verde  CqM 


pi.4on8— continued. 


P««B. 

Vflid  Oay,  Bahamas 292 

Cuba 292 

Vicente,  8au,  Cape 299 

■ Port 334 

Victor,  Fort 352 

Victoria 288 

Harbor 365 

Fort,  AuBtralia 352 

Seychelle  Islands.  325 

Kiver 351 

Victory  Cape 299 

Mand. 331 

Vidal,Cape 323 

Videolflland 338 

VieboigBay 810 

Viequeelaland 294 

Vierte 317 

Vigan 334 

Vigo 314 

viBa 307 

Nova  da  Frinceeea 297 

Villaioyoee 815 

vSJeKnche 316 

Vinaroz 315 

Vincent,  San,  de  la  Barquera  314 

St.  Cape,  Chili 290 

Madagascar.  326 

Foitugal 315 

1.,  C.  Verde  Is ...  303 

Windwardla.  295 

Bay,  8- Pacific...  360 

Vineyard  Haven 282 

Vingorla 328 

Kocki 328 

ViisJnGorda 294 

Virgins,  Cum 29B 

VitiLevu 348 

Viiagapatam 320 

Viziadrug 328 

Vladimir,  St.,  Bay 341 

Vladivoetok 341 

Vliko,Fort 319 

Vohemar 326 

Voiazza  River 318 

Volcano  Island,  West 338 

Islands 346 

Volta  River 322 

Voltaire,  Cape 351 

Vord8t«  Island 332 

VoTdingboig 312 

Voetoklaland 345 

Vourlah 320 

Viies  Island 340 

WadertldanJ 308 

Wadsworth,  Fort 283 

Wahdu  Island 325 

Waimea 344 

Waitangl  River 356 

Wakaya  Island 348 

Wakeldand 344 

Wakefield,  Fort 352 

Wal&chBay 322 

WalkerOay 292 

Wallislaland 348 

Walpole  Island 347 

Walflcho,  Cape 346 

WaUngham,  Cape "'''' 

Wanganui  River 

WangariHarbw 


Pice. 

Waoganxt  Harbor 354 

Wangaruru 354 

Wangeroog 312 

Waiw-kiartiaBay 338 

Warbeig 308 

Wamemunde 311 

Warren  Hastings  Island 344 

WashinRtfln 283 

Island 342 

Watch  Hill  Point 282 

Watoher,  North,  Island 331 

Waterffji  Blufl 323 

Waterford 307 

Waterloo  Bay 323 

Watlina  Island 262 

Wawo&Rock 341 

Wedge  Island 281 

WeggaCape 279 

Wdfhselmunde 310 

WeihaJwei 338 

Wellington 364 

Wenmanldand 342 

WeMrf,Cape 361 

WesKipe 356 

Western,  Port 352 

Westminster  HaU  Islet 209 

Wetta  Island 832 

Wexford 807 

Whaingaroa  Harbor 355 

WhaleBack 282 

Whalefish  Island 366 

Whare-Eauri %0 

WhitoHaven 306 

Head  Island 281 

Island 354 

Rock 

Whitsunday  Island 349 

Whittle  Cape 280 

Wicklow 307 

Wilberforce,  Cape 351 

Wilhehushaven 312 

Wjllemetadt 313 

William,  Port 365 

Willoughby,  Cape 382 

Wilmington 283 

Wilson  lUlands 347 

Islets 343 

Promontory 362 

Windau 310 

Winter  Harbor 365 

Wismar 311 

Wittgenstein  Island 349 

Wolmst 311 

Wolkonsky  Island 349 

Wolhtston  Island 208 

WoUin 810 

Wollongong 362 

Wood  Mand,  lAbrador 280 

Maine 282 

Woodlark  Islands 347 

Woody  Island 837 

Woosung 338 

WoBtenbolme  Cape 270 

Wotje  Islands 343 

Wottho  Island 343 

Wowoni  Island 333 

Wrangell 288 

Wrath,  Cape 306 

Wreck  Reef 347 

Wusimado  Point 340 

Wustrow 811 
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PHt. 

Yobnko 339 

Yokofihima 339 

Yokdifciia 340 

Yokomka S40 

Yori-dma 339 

York,  Gape,  Greenland. ...  366 

UiniaterBock 298 

Yongjial 307 

YsttSr. 309 

YttfwreBajr 326 

■ .Pdnt 326 

YniadaRoad 320 

YuraNoUchi 340 

Zafaana 

Zafarin  Islaods 

324 

Yakutot^^ 

Yamada..... 

?«»e'!™-.- 

Y 

Y                     

340 
340 
334 
300 
343 

Zanto 

Zanribar 

319 
324 

Za^ 

Vecchia 

318 
31B 

Y                     

281 

i^;:::::v;::::::: 

ffl^naGnndeldand.. 

318 
324 
313 
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SU 
334 
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Abbremtion« 

iccmmt.    (See  D«ad  reckoning.) 

Adjnetments,  horizon,  ndiror 

index  miiTor 

plane  table 

Mxtant 

ponnonent 

theodolite  or  tcutait 

Aitanoon  D^tfl 

A|ulli»  Cnnent 

Auy'smethodforereatdicle  niling. . 

Alidade,  plane  table 

Aloumac,  Nautical.    (S«e  Nautical  Al- 
uftoac.) 

Altitude  and  atimuth .: 

time  ftsimuth ...._...._ 

asimutli 

calculated,  method  of 

circle,  definition. 

(dtcum-meridian 

forme  for. . . 

comp^uled,  method  of 

definition 

ex-meridian ---_,- 

forms  for 

t.coDHtaat 

form  for., 
forms  for 


reduction  to 

oheerred,  howcorTect«d 

of  Polaris  tor  l&titude 

ain^e^  for  chronometer  error  . 

latitude 

longitude  ashore. . . 


true,  definition 

Altitades.  double,  forchio. error 

Amplitude,  definition 

detennination  of 

Anchonge,  position  t«  b«  plotted 

Angle,  danger.    (SMDangeraogle.) 
hour.    (See  Hour  angle  J 

to  repeat 

Aa^es,  between  three  known  objects, 
horizon,  for  finding  distance.. 

roondof 

■extant  and  theodolite  in  hy- 
drography  --- 

vertical  terrestrial,  to 

2ei''-45'' on  bow 

Anlicycloiuc  retfions,  features  of . . . 

Ai^iareQt  day,  deflnztion 

variation  in  length. 


Apparent  time,  relation  to  meui 

Arctic  Current 

Ariea,  first  point  of,  definition 

Arming  of  lead 

ArtaficMlhori20ii,deecr^)tion 

methtdofuBe 

should  be  tested 

Aecenoon,  ri^t.     (See  Right  ascen- 
sion.) 
Astronomical  base 

tramdt  instnmieats 

work  of  survey 

Atlantic  Ocean,  currents 

Attraction,  local 

Australia  Current. 

Axis  of  rotation,  definition 

Azimuth,  altitude 

and  altitude 

circle 

definition 

from  Sumner  line 

how  determined 

of  body  determines  use 

terrestrial  object 

time  and  altitude 

determination 

diagram...... ._..,.., 

for  compuB  orors 

in  great  circle  Bailing. . 

tables rTT?.. 

Borqmeter,  aneroid 

compariaons 

definition. ..- ..-_..... 

eSect  of,  on  tides 

mercurial 

standard: 

temperature  correction 

to  determine  hei^t 

Temier 

Base,  astronomical , 

line,  description 

Beam  compass,  deecription 

Bearing  and  auj^e,  position  by 

distance,  positbn  by 

danger 

meuod  of  observing  and  plot- 
ting  

of  terrestrial  object 

Bearings,  bow  and  beam 

son,  tor  compass  error — 
two,  of  object,  with  run  be- 

Beaufort's  scale  for  wind 

Benchmark^  definition 


DigilizPdbyGoOt^le 
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BnblMt. 

BinnacleB,  deBcription 

Bottom,  quality  of,  on  ctwrt 

Boxing  the  compass 

Brazil  Current 

C-W,  defiiiition 

Calculated  Altitude  Uetbod 

Gape  Horn  Current 

Oeleetial  coordinate 

equator,  definition 

boriEOQ,  definition 

latitude  abd  longitude, 
definition 

meridian,  definition... 

spikere  or  concave,  definition . . 
Celo-NavmticHi,  definition... 
Chart.    {Ste  alto  Projection.) 
ae  record  of  piloting. 


ii  features. 

great  circle 

for  composite  sailing . 

meamiree  of  depth  on 

Uercator,  to  construct 

quality  of  bottom  on 

standard  meridians  on 

Chilean  Current 

Chronometer,  advantage  of  more  than 


C-W,  definition 

care  on  ehiphniard 

comparison 

record 

correction.     {8m  Chro- 
nometer error.) 

description 

error,  by  double  alts 

single  altitude. 

time  n^t 

signals 

trannta 

definition 

differs  from  corr. . . 
from  rate 

max.    and    min.    ther- 
mometer  

minus  watch,  definition. 

second  difierence 

sight.    (Su  Time  sight.) 

temperature  curve 

tianaportatiou  of 


Circle,  declinatioDj  definition 

hour,  definition 

of  altitude,  definition 

Sual  altitude 
lunination 

vertical  definition 

Circum-meridian  altittide 

fonns... 

Civil  time 

Clouds,  deecTiption  and  symbols. , 

Coefficients,  conatMit 

qnadiantal 

semicircular 

value  and  relation. . . 

Collimation,  line  of,  definition 

C^paring  watch,  use  of 


Comparison,  barometer 

chronometer,  method 

C<»npa»,  beam,  deacription 

boxing 

compensation.     {Set  Devia- 
tion.) 

declination 

definition 

deviation.    {Sa  Deviation.) 

divisions  on  4»rd 

dry 

error.  {See  Error,  compass.) 

local  attraction 

Lord  Kelvin 

Navy  service,  7)-inch 

variation 


[See  Devia- 


Compageee  (drawing). . . 
Compensation,  compan. 
tion.) 

Composite  sailing,  computation 

definition 

graphic  approxima- 


AcAteet  course  for. 
tetreetrial  globe. . . 

Computed  altitude  method 

Concave,  celestial,  definition 

Constant  deviation.    {8«e  Deviation.) 
tor  meridian  altitude 

Conversion  of  time,  apparent  to  mean. 


mean  to  apparent 

sidereal.. 

sidereal  to  mean. . 

Coordinates,  celestial 

definition 

Correction,  chn>.    {See  Chronometer.) 

index,  eertant 

of  observed  altihide 

Course,  definition 

Culmination,  definition 

Cuirent,  Agulhas 


Australia 

BraEil 

Cape  Horn 

Chilean 

determined  at  noon. . 

effect  in  pilotiog 

equatorial,  Atlantic.. 

Pacific..,, 

Guinea 

Gulf  Stream 

Humboldt 

Japan  Stream 

Kamchatka 

Kurodiiwo 

L«biador 

ocean,  Atlantic 


definition 

determination  of. . 

drift,  definition. . . . 

ol  Atlantic... 
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Gmrent,  ocean,  Inditn 

Fftcific 

stnam,  definitiMi.. 

mibmarine 

Oysahiwo 

Femviaii 

Rennells 

Ro«el 

Southern  connecting 


tidftl,  d^tutions... 
dMcriptioa  of. . 
obMTV&tion  ot. . 


Obtto,  temperature,  dironomet«r. . .. 
Oyclonee  and  cyclonic  circulaliona.... 

CTckudc  Tsgiona,  feAtuieB  of 

etonns,  deecription 

iwneuvonng  in ... . 
nimmary  of  rulea.  - . . 

ttopicMl 

chuKtei... 

Danger  uifle,  horicontal 

vertical 

bearing 

Data,  uaeful,  miecellaneoua 

Dht'b  woA,  toutine 

Dead  reckoning,  always  kept 

definition 

form  (or 

method  of  woiUng.. 

value  of 

Dedm&l  fractions 

Declination  and  honr  angle 

ti^tMcetud<» 

circle,  definition 


of  compMB 

DecUnatoire,  plane  table 

Deflnitim^  nautical  astronomy 

navi^tion 

Departure,  definition 

on  beginning  voyage. . . . . 

,    totake 

DepQi,  measures  of,  on  charts 

.    recorder,  sounding  machine.., 
DeriatioD,  canaes  ot 


constant,  coefficient 

definition 

deGnitioa 

heelii^  error,  compenulion 

definition 

Napier  digram  tor 

quadrantoC  coefficients 

definition 

recompenmldon 

semicircular,  coefficients.... 

defiuiti<m 

table - 

theory  of. 


°&::. 


I,  Becmid.    (Set  Becraid  dif- 

definition 

bow  applied 

none    with    artificial 


Distance  and  l>earing 

by  hoiixon  angle 

definition 

of  objects  of  known  height. 

polar,  definition 

ith.  (9«  Zenith  distance.) 


Diurnal  inequality  ol 


Dividers,  description 

prdportional,  description. . . 

Doldmme 

Doubling  angle  on  bow 

Drift  Gurrente,  Atlantic 

Earth,  definitions  relating  to 

Eccentiidty,  sextant 

Ecliptic,  definition 

£levated^le 

EphemeriB.    f_8et  Nautical  Almanac.) 

Equation  of  tune,  definition 

in  c<»iveiHon  of  time 
Equator,  celestial,  definition 

earth's 

Equatorial  cutrents.    {Set  Currant.) 

Equiangular  spiral 

E!quinoctial,  definition 

Equinox,  definition 

vernal.    (Sm  First  ptnnt  of 

Error,  chro.    (See  Chronometer.) 

compass,  causes 

toapjrfy 


find.. 


heeling.    ^See  Deviation.) 

index,  seztwit,  descriptiMk 

'  probable,     ol     poaitdon,     how 

sextant '  (Sm  Sextant)' 

EaUblidunentL  tidal,  definitions 

Ex-meridian  altitudes 

Extraordinary  refraction  near  horiMn.. 

Extra-tropical  cyclonic  storma 

Pint  point  of  Aries,  definition 

hour  angle  ia  ■- 

deieal  time 

Flinden  bar,  definitaon 

to  place 

Fogs  and  .fog  signals 

Fonns  lor  sights,  etc 

notes  on 

use  recommended. 

Fractions,  decimal 

OauKM,  tide,  description 

Geodetic  surveying 

Geometry 

fonnulie  derived  from 

Geo-Nftvigfttion,  definition 

Gimbals,  compass 

chronometer 

Glasses,  shade.    {Set  Shade  gLuses.) 

Globe,  terrestrial,  for  camp,  sailing 

gt  circle  saJJung. 

Orsduatifn,  sextant,  error 

Great  circle  charts 

for  comp.  sailing . . . 
course 


sailing,  ad^^mtages. .... 
Ai^'s  methoid . . 
computation.... 

definititm 

gnpluc  mpptia... 
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Oraftt  circle  atiling  meOioda. . . 


tim 


riobe.., 

^.imuth 

meOiods 

Oraenwicb  adopted  as  prime  meridian. 

time,  to  find 

Guinm  Cnnent 

Gulf  Stream,  descriptioD 

exbaordinary  dip  in 

Gyro-compaaB. 

Bock  chronometer,  tise  ot 

Heading,  magnetic,  determinatum  of . . 
Heeling  error.    (Set  Deviation.) 
Height,  deteimination  by  barometer. . . 

EeLognph,  lueinenirvej^ng 

Heliotrope,  <ue  in  surveying 

Horizon  angle,  distance  by 

araficial,  description 

metbod  of  tue 

no  dip  with 

rftould  be  tested 

celeetiaL  definition 

dip  of,  definition 

how  applied 

note    with   arliflcial 


irariatioa  in 

when  land  intervenes. 

minor,  adjustment 

description 

priamatic 

viable  or  sea,  definttiixi 

Horse  latitudee 

Hour  angle  and  declination 

dcfinitifHi 

bowmeasu]«d 

circle,  definition 

Humboldt  Current 

Hydrogiaphic  survey,  method  of 

surveymg,  definiticm. 


Ice  and  its  movements  in  the  North 

Atlantic  Ocean 

Identification  of  unknown  bodies . 

Index  correction,  sextant,  to  find . 

error,  sextant,  description.. 

minor,  adjusbnent. 

description 

prismatic 

Indian  Ocean,  cunenW 

Induction,  magnetic 

InstnuaentB,  astronomical  bansit 
nautical  astronomy . 
navigation 


Interpolaticm,  Nautit . 

Intersection,  Sumner.   ($«  Sumner.) 
Intervals,  luiutidal,  definitioDs. . . 

Hstot 

mean  and  sidereal  time . 

Iron,  hard  and  soft 

Isobars,  chart  showing 


Kamchatka  Oumnt 

Knot,  length  of , 

Eunahiwo  Current 

Labrador  Current 

Tagging  of  tide 

I^nd  and  sea  breeaee. . 


Latitude,  by  meridian  altitude. . 


PeJaiis. 

reduction  to  meridian 

reduction    to  meridian, 

■ingle  altitude. 

fotme 

<//    <//'  metliod 

fonns. 

celestial,  definition 

definition 

difference,  of  definition 

ho»e 

Lead,  arming. 


Level  ot  bench  m^^.  ■. 

surveying,  use  of 

deacription 

Lights,  employment  in  piloting 

hiae,  base,  description-of 

of  colUmation,  definition 

position.  (aMBunmerline.) 

sight,  definition 

Sumner.  (5«*  Sumner  line.) 

Local  attiactioD 

time,  to  find 

Logbook , 

ground 

patent. 

electric  registete. 

revolutions  as  substitute. .. 

Logarithms,  exj^anation 

Lcmgitude,  by  sin^  altitude  ashore. . 
at  sea. . . 

time  sights,  forms 

Iiantit  observatioHB.  . . . 

celestial,  definition 

definition 

differraice  ot 

of  secondary  meridians. . . . 

t^tiary  meridiane 

Loxodromic  Carve 

Lubber's  line 

Lunitidal  intervals,  definitions. 

liatot 

Magnetic  observatims  in  survey. 

Uagnetiam,  acquired  in  building  vessel. 

features  of  earUi's 

subpermaneut 

tiannent 

Main  triangiilatiDa 

Maneuvering,  cyclonic  storms. 

summary  ot  rules 

Marine  surveying 

Mean  day,  definition 

directive  force 

noon,  definition 

sun,  definition 

Mean  time,  conversion  to  apparent 

sidereal 

definition 

intervals,  relation  to  ride- 
real 

time,  relation  to  apparent 

mdereal 

Uercator  projection,  description 
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altitude, 

fomufor 

latitude  by 

obaervatbn  of 

reduction  to 

cdestial,  definition 

of  earth,  definition 

paseage,  definition , . 

prime,  Greenwich  adopted... 

BBCond&ry,  definition 

determination  of.. 

standard,  on  charts 

tertiary,  definition 

det«nnination  of — 

Meridional  parte 

Uethod  of  Saint  Hilaire  or  ol  the  com- 
puted altitudes 

Kiddie  latitude  sailing 

conection 

Kile,  nautical  or  sea,  length  of 

Minor,  horizoi^    (SMHoriaonminor.). 
index.    (iSee  Index  mirror.) 

sextant,  rMolvering 

Monsoon  winds 

Moon,  correction  of  observed  altitude.. 

form  for  latitude  siehts 

meridian  altitude 

time  sight 

irianets,  and  stars,  use  of 

Talae  of  observations  of 

Monine  sightH 

Nadir,  deudtion. 


for  1916,  exltacU.. 
gives     noriEonta! 

parallax 

interpolation 

reduction  of  ele- 


second  differencee. 

Astronomy,  definitions 

iustnunenta 

mile,  lenj^of 

navigation,  definibone 

instruments  and  accessories 

NeaptidM 

NoonBghta. 

Notes  on  forms  for  sights,  etc 

Occupying  a  station 

Ocean  current.    (See  Cuiient,  ocean.) 
Octant,  description. 


Ofiticai  princiiial  of  sextant. . 
"  '    '  'i,  a  plane  table.. 


Orientj  to,  _  , 

Ojraduwo  current 

Paiallax,  definition 

boriwmtal,  in  Nautical  Al- 


bow  applied 

of  planet  or  star 

Panllel  of  latitude,  definition . . 

rulecB,  description 

aailinr^  descnption 

Pamge, merioban,  definition... 

Pelonia,  description 

Pwuvian  Current 

nloting,  definition _.... 

requisites 

Plane  of  refer^ice,  tidal 


Plane  table,  to  improvise. . 


Planet,  conection  of  observed  ^titude.  i 

form  for  latitude  sights 

meridian  altitude . 

lime  sight 

identification  of  unknown . - 

PlanetSj  stars,  and  moon,  use  of 

Polar  distance,  definition 

Polaris,  latitude  by 

Pole,  elevated 

star,  latitude  by 

Poles  of  earth 

Portable  transit 

Poeition  by  angles  between  3  objects. . 
26i°-46''oabow,.. 

bearing  and  angle 

distance 

bow  and  beam  bearings. . . 

cross  bearings 

doubling  angle  on  bow 

two  bearings  and  run 

methods  of  finng 

of  anchorage  to  Ee  plotCed 

body  detemiinea  its  nse. . 

soundings  in  Borvey 

probable  error  of  by  Bunmei 

lines,  how  shown 

Fienuie,  eflect  in  wind 


Prime  meridiui,  Greenwich  adof^ed . 

VOTtical,  definition 

Priming  of  tide 

Projectioii,  gnomonic 

Mercator 

polyconic 

systems  in  use 

Proportional  dividera,  description 

Proeection  method,  plane  table 

Protractor,  ordinary 

three  aimed,  description . . , 
substitute.... 

use  of 

Quadrantal  deviation.  (5m  Deviation.) 

Quintant,  description " 

Range  of  tide  at  various  places. . 

definitums 

Raises  for  finding  conLpaas  error, 

in  piloting.... 

Rate,  chronometer.   (See  Chronometer 

Reciprocal  bearings  for  compass  error. . 
Reckoning,  dead.    (Sei  Dead  reckon- 
ing.) 

Record  of  astronomical  work 

chronometer  comparisons. . 

piloting 

tidal 

Red  Bea,  exbaordinary  dip  in 

Reduction  to  meridian 

forms  for 

Reference,  planes  of,  tidal 

Refraction,  correction  for 

definition............ .. .  - 

efiect  on  dip 

extraordinary,  nearhorizon    '. 

how  applied 

Relative  humidity 

Rennells  Current 

Repeat,  to,  an  an^e 
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SobjMl. 


RMMtioii  method,  plane  Uble — 

Residual  deviation 

Rhumb  line,  definition 

not  ahorteat  coune . . 
Rif^t  aacennon  and  declination . . 

definition 

Roaringiortiee 

IUmbbI  Current 

Round  of  angles 

Run,  calculation  of 

detenuined  at  noon 

Running  ourvejr,  deecription 

Sailing,  composite.    (Set  CompMile.) 
eraatciicle.  (Sm  Great  circle.) 

Hercator 

middle  latitude 

correction 

parallel 

spherical 

traverse 

Sailing*,  definition 

kinds  of 

Saint  Hilaite'a  method 

Sargasaoaea 

Sea  and  land  breeEos 

mile,  Unfth  of 

pymbola  lor  state  of 

water  temperature 

Second  difference,  chronometer 

Nautical  Almanac . . 

Secondar7  meridian,  definition 

determination  of .    I 

triangulation 

Seconds,  employment  in  naut.  Bights. . 

Semicircles,  storm 

SemicircutaLr  deviation.    {Su  Devia- 

Semidiameter,  definition 

how  applied 

meaeured 

of  planet  or  star 

Semidiurnal  type  of  tide 

Sextant  adjustments 

permanent 

angles  for  plotting  Bounding. . 

choice  of 

definitbn 

deecription 

eccentricity 

paduatiou  errors 

index  correction,  to  find 

error,  description 

method  of  use 

optical  principle 

prismatic  mirrora 

ehade  glassea 

reailvering  mirrors 

surveying 

vernier 

Shade  glasses,  for  artificial  horizon 

sextant,  deecription 

prismatic 

Sidereal  day,  definition 

noon,  definition 

time,  conversion,  to  mean — 

definition 

intervals,    relation    to 

relation  to  mean.... 
Sight,  chronometer.  (See  Time  sight.) 
latitude.    (5m  Latitude.) 


Si^t,  line  of ,  definition 

lon^tude.    (See  Longitude.) 
time.    (^MTimeai^t) 

Sights,  afternoon 

employment  of  vaiioua 

morning 

Signals,  surveying,  deecription 

time,  for  chronometer  error . . 

Silvering  sextant  mirrcn 

Solar  time,    (See  Apparent  time.) 

Solstice,  definition 

Sound,  velocity  of 

Sounding  machine,  barometric  coir 

depth  recorder. .. 

description 

tubes 

Soundings,  surveying,  how  plotted . . . 

ueeinpifoting 

SoutLem  connecting  current 

Sphere,  celestial,  definition ,■-. 

Spherical  sailing !.. 

Springtides 

Stadia.    ($««  Telemeter.) 

Star,  c(«Tection  of  observied  altitude. . 

form  for  latitude  n^ta 

meridian  altitude 

time  sight 

identification 

obwrvations  in  surveying 

Stars,  planeta,  and  moon,  use  of 

Station  pointer.    (See  Protiactor,  three 

Btonn  center,  motion  of 

ntte  of  progreee 

t«  avoid 

fix  bearing 

distance 

•emicitclee 

Ubies 

Stonns,  along  transtlan tic  rout«e. . 

cyclonic,  (Sm  Cyclonic  storms.) 

Submarine  ocean  currents 

Sumner  line,  always  recommended . . 


-.. -a  of.. 

choice  of  bodies. . 

deecription 

determination. . . 


lines,  intersection,  computation  i 
grapnicall^.  r 
when  ru 


Sun,  ctHTection  of  observed  altitude . . . 

form  for  latitude  eights 

meridian  altitude 

time  sight 

m«in,  definition 

observations  in  surveying 

Survey,  astronomical  work  of 

hydrognphic,  method  of 

running,  description 

to  plot  soundings  in 

Surveying,  nydrogiaphlc,  definition... 

insbumraits 

marine,  definition 

topo^phic,  definition 

Inuuit,  deecription 

Symbols  Jor  clouds 
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'bUfl.Cide 

tttwa  ^^riiwyth 

Telemetff ,  d«ecription 

substitute  lor 

Tdeacope,  direct  •md  revccsed... 

sextMit,  adjuMment. . 

deecription. . 

Ttmpentuie  curve,  chionomeler.. 

Tonethaf    '-' 

Tertiary  n 


Ibeodolite,  adjuBtm«nta 

ui^lea  for  plotting  Kiund- 


deecriptjon 

diy  aiid  wet  bulb 

max.  ftnd  min.,  duo.... 
Iliioe-annAd    proUactor.      (Ste    I^ 
tractor.) 

point  pnblsm,  cooditioos 

ezplanaticm 

'ndal  cniraDt.    (5m  Cnirent,  tidal.) 

day,  dofinitloii 

agtanliahment,  definitiona 

obaervatJoiiB  in  survey 

ioetiuctiotutor 

record 

nd«,  bench  maA,  dednitioD 


defiaititHifl  relatiiig  to. 

diurnal  Inequality 

type 

effect  of,  in  piloting, 
wind  and  Di 

pi^es,  deacription 

obeervation  of. 

planes  ol  reference  of 

pyitwing  fjul  l^piTip  of,  _  _  . 

n^eu,  at  ^iwouaplaces. 


amidiunial  type 

spring  and  neap 

tables 

time  of  bi^  and  low 

tonnfor.. 
tro}^ 

M  and  altitude  admatti 

bonranKle,  convenion  of. 
^tparent.    (See  Appeient  time,} 
nical. 


at  different  meridiane 

aaimnth.    (5w  Aeimntb,  time.) 

dvfl 

convenion  of.    (8te  Convenitm, 
eqnatidn  of.    (.Sai  Equation  of 
time.) 

Greonwicb,  to  find 

local,  to  find 

mean,    (Sm  Mean  time.) 

of  bigfa  and  low  water 

fmnfor. 


Bableot. 


Time  of  transit,  bow  found 

ddereal.    (5m  Sidereftl  time.) 

sigDAls  for  cbnmonieter  enor. 

ei^t  fw  cbionooieter  error 

longitude  ashore 

atB» 

fonriB  for 

eolar.    (Set  Appaimt  time.) 

Topographic  Burvevmg,  definition 

Ti^oeraidiy  in  hyorograpbic  survey . . . 

Tncmg  p^>er  to  plot  soundings 

3-point  problem. 

Trade  wind 

Transit,  astzonomical 

definition 

observations  for  chronometer 


longitude... 

portable 

surveying.    (Stt  Theodolite. ) 

time  of,  how  found 

Tnveneniling 

tables,  use  of 

Triangulation,  main 

secondary 

Trigonometric  functions 

logarithms... 

Tropic  tide 

Tropical  cyclonic  etonna 

diaiacter. . . 

Tubes,  eounding  machine 

Unknown  bodies,  identification  of — 

XTseful  data,  miacellaneous 

Variation  of  ccmipass,  definition 


Variations,  atmospheric.. 


Vernier,  barometer. . 


tfaeodoiite 

Vertical  an^es,  terreetial,  to  n 

circle,  definition 

prime 

Visible  horiaon,  definidcm 

Watch,  comparing,  use  of 

Weather  aymbols 

Wind,  Beaufort's  scale 


de6niticm 

doldrums 

etfectof,  on  tides., 
land  and  sea  breeae 


normal  jnesBure 

ptevaihng 

weetnly 

"Roaring  fortfee" 

stoims.    (See  Qyclonic  storms.) 

Trade 

true  directum  utd  force. . . 

wire  drag 

Zenith,  definition 

distance,  definition 

how  named 

teleecope 
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PREFACE. 

The  following  tables  compite  Put  II  of  the  AmucAx  PaAtmou  Vavwatou,  by  die  late  Nathaaid 
Bowditch,  LL.  D.,  ureviaedin  ISSOand  in  1903,  and  again  in  1914,  nnder  tbe  direction  of  the  Bureau 
d  Navigation,  Navy  Department. 

In  the  praeent  edition,  lamer  tables  28A,28B,  2SC  and  2SD,  Latitude  by  Polaris;  37,  Ixigarithmafoi 
Bqoal  Altitude  Sights;  87  A,  Equation  of  Equal  Altitudes  near  Noon,  have  been  omitted,  but  the  formca 
aaognment  of  table  numbers  and  page  numbers  has  not  been  disturbed,  the  pages  on  whicli  Hieee 
taUeawere  printed  being  simply  dropped  from  the  book  snd  the  tablet  and  pages  not  renumbered 
consecutively. 

This  edition  has  been  extended  by  incorpcoating  Table  46,  Logarithmic  and  Natural  Havcnines; 
lUle  46,  Const^dated  Altitude  CorrectioDs;  Table  47,  Longitude  Factor,  and  Table  48,  latitude  Factor. 

Htdroobaphic  OfncB, 

WaMnffUm,  D.  C,  1916. 
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Note  on  Rsfxint  or  1016. — This  reprint  ia  the  same  as  the  1914  editioD,  except  that  a  new  tal 
has  been  added— Table  48,  conectioDa  to  be  applied  in  ordat  to  find  the  true  altitude  ot  th«  moon  b 
the  obeerved  altitude  above  the  horison. 
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TABUt  0:  BISIAHCS  07  TISIBILITT  OF  OBJECTS. 

This  ttble  coatai&s  tfae  distances,  in  nanliul  and  sUtate  mile*,  at  which  anj  obiectisTisiblsatseik 
ItiecAlcnlatedby  thefonnnlK:  _ 

d  - 1. 15  v^  and  d' =  1.32  s/r. 
in  which  d  is  the  distance  in  nautical  miles,  d'  the  distance  in  sutate  miles,  and  x  the  height  of  the  eye 
or  the  object  in  feet 

To  find  the  distance  of  visibilitjr  of  an  object,  the  distance  nven  hj  the  table  corresponding  to  its 
height  should  be  added  to  that  correspondina  to  the  height  ol  the  obaerver's  eye. 

ExAHnJi:  Beqoired  the  distance  ol  viacrility  of  an  object  420  feet  high,  the  obserw  bung  at  mi 
elevation  of  15  feet 

Dist.  corresponding  to  420  feet,  23.6  nant.  milea. 
Diet  corresponding  to    15  feet,    4.4  nant  miles. 

KeL  of  visibtlity,  27.9  naat  miles. 

TABX.Z  7:    0OKVBB8IOV  OP  ABO  AHO  TUCK. 

In  the  first  oolmnn  of  each  pair  in  this  tsUe  are  oontained  angular  measures  expressed  in  arc 

idegren,  minutes,  or  seconds),  *nd  in  the  second  colnmn  the  corresponding  ao^ee  expressed  in  thne 
hoora,  minates,  or  seconds).  As  will  be  seen  from  the  headings  of  colnmns,  Uie  time  correisp(»ding 
to  d^irees  (")  is  given  in  honrs  and  minates;  to  tninntes  of  arc  {'),  in  minates  and  secoada  of  time; 
and  to  seconds  of  arc  ("),  in  seconds  and  sixtieths  of  a  second  of  time. 

The  table  will  be  eepecUUly  convenient  in  dealing  with  longitade  and  hour  angle.    The  method  at 
its  employment  is  beet  illustrated  by  examples. 

ExAMPLall. 
«qaiied  the  arc  coTre^Kinding  to  6*  83~  26*.6. 
6*  32-  00-    =  98«  OC  00- 
1    24     - 
2(8  = 


EXAHPLCI. 

21 

50 

00'  00-  =  3»  20"  00- 
31    00  =        2    04 
21    =               IH 

60    SI    21  =3   22    05.4 


'.6 


=  98    21    37.6 


TABI.KB  8  AXn>  B:  BXCXBHAI*  AHS  JCBAV  BOIiAB  TZHXB. 

These  tsblee  give,  respectively,  the  reductions  neceenry  to  convert  interv»ls  of  sidereal  time  into 
those  of  mean  solsj  time,  and  int^als  of  mean  solftr  into  those  of  sidereal  time.  The  reduction  tot  any 
interval  is  found  by  entering  with  the  number  of  bonraat  Uietopand  thenumberof  minutes  at  the  ^de, 
adding  the  reduction  for  seconds  as  given  in  the  margin. 

The  relations  between  mean  solar  and  sidereal  time  intervals,  and  the  methods  of  convenitm  of 
these  times,  are  given  In  articles  289-291,  Chi^ter  IX.  - 

TABI.B  10:  SinTB  BXSZHa  AXB  SKLTUia. 

nUs  table  gives  the  local  me«ntinieof  the  son's  visible  rising  and  setting — that  is,  of  theappeanmoe 
and  d{B^>peanioce  of  the  son's  upper  limb  in  the  unobstructed  boriion  ol  a  peisou  whose  eye  is  15  feet 
above  the  level  of  the  earth's  sumce,  the  atmospheric  conditions  being  nomul. 

The  load  apparent  times  of  rising  and  setting  were  determined  from  the  formula  for  a  time  rig^t, 
the  altitude  employed  being— 0°  56' 08^,' made  up  of  the  following  terms;  Kefractdon,  —  86' 29";  semi- 
diameter,  -  le'oo*;  dip.  -  3'  48*;  and  pai*ll«X,  +  V. 

To  ascertain  the  time  of  rising  or  settins  tor  any  given  date  and  place,  enter  the  table  with  the 
latitndeand  declination,  interpolatmg  if  the  degreee  are  not  even.  In  the  line  B  will  be  found  the  time 
of  rising;  in  the  line  fi,  the  time  of  setting.  Be  careful  to  choose  the  page  in  which  the  latitude  is  of 
the  correct  name,  and  in  which  the  "^iproximate  date"  corresponds,  nearly  or  exactly,  with  the 
given  date. 

This  table  is  oompnted  with  the  intantion  that,  it  accuracy  is  desired,  it  will  be  enteied  with  the 
declination  as  an  argoment — not  the  date— as  it  is  impOMdble  to  construct  anv  table  based  upon  ds^ 
whose  application  shall  be  general  to  all  years.  But  as  a.  pv«i  degree  of  declination  will,  in  the 
majority  of  yeu«,  fall  upon  the  date  siveu  in  the  table  as  the  "approximate  date,"  and  as,  whw  it 
does  not  do  so,  it  can  never  be  more  than  one  day  removed  therefrom,  it  will  answer,  where  a  slight 
inaocurscy  may  be  admitted,  to  enter  the  table  with  the  date  as  an  argument,  thus  avoiding  the  neces- 
uty  of  ascertaining  the  declination. 

EXAMPI.B:  Find  the  local  mean  time  of  sonset  at  Rio  de  Janeiro,  Bnuil  (lat  22°  64'  8.,  long. 
43'  W  W.),  on  January  1,  1903  (dec  23°  04*  B.). 


Exacl  method. 

Lat  220  1 

Dec  23°; 

Corr.  tor +  64' lat 

Corr.  for  +  04' dec 


Approximalt  taethod. 

January2| **^  *^ 

Corr.  for  +  54' lat +02 

Corr.  fori  day —01 


'5-t?Gft(^le 
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XABLX  11:  BBDUOIIOV  FOB  KOOVS  TBJUfSn. 

Tlili  teble  wm  calealated  by  i«oporiioniiig  tlie  dailr  vnriatioQ  of  the  time  of  the  mooa'a  iimilim  tht 
meHdiui. 

The  nnmbem  ttktea  from  the  table  are  to  be  added  to  the  Greenwich  time  of  moon'i  tnoA  in  WMt 
longltiKle^  but  aobtiacted  in  east  longitude. 

TASI.B  IS:  KSDU0TZON8  FOA  VATrXIOAI.  AUCAVAO. 

ThlsiaatableofpropoTtionalpBrtBfor  finding  the  variation  of  the  bod's  ri^htaBonuionordecliiialica, 
or  of  the  equation  of  time,  In  any  ntimber  of  minntes  of  time,  the  honuy  motion  being  given  at  the  top  of 
tite  page  in  seconds,  and  the  nnmber  of  minutes  of  time  in  the  side  column ;  also  tor  finding  the  variadon 
of  the  moon's  declination  or  rl^t  ascension  in  anv  nnmber  of  seconds  of  time,  the  motion  In  one  fpinnj^ 
bring  given  at  the  top,  and  the  numbers  Id  t^e  side  column  being  taken  for  seconda 

TABU  18:  OHAHaS  OF  BUZTB  BIQHT  ASOEiraiOV. 

This  isa  tablethatmaybeemploved  for  finding  the  change  of  the  sun's  right  asccnshni  lor  any 
given  number  of  boors,  the  hourly  cfuuige,  as  taken  from  Uie  Nautical  Almanac,  being  givMi  in  the 
marginal  column& 

TABIB  14:  DIP  OF  HEA  HOBIZOV. 

This  table  omtains  the  dip  of  the  sea  horicon,  calcslated  by  the  toimola: 

in  which  F  =  height  of  the  eye  above  the  level  of  the  sea  In  feet 
It  is  explained  in  artide  300,  Chapter  X. 

TABIA  IB:  DIP  8HOBT  OF  HOBIZOH. 

Tbia  table  contains  the  dip  for  various  distances  and  heights,  calcnlated  by  the  formnla: 

D  =  ?d  +  0.66B14X3, 

in  which  D  represents  the  dip  in  miles  or  minutes,  d,  the  distance  of  the  land  In  sea  mOxa,  and  h,  the 
kdght  of  the  eye  of  the  observer  in  feet. 

TABIiB  10:  PABAI^IiAZ  OF  SUH. 

This  table  contains  the  son's  paralUT  in  altitude  calculated  by  the  formnla: 
par.  IS  sin  z  X  S*.75, 

's  horlsontal  paralTaT  b«ng  W.76. 


17:  PABAIJ.AZ  OF 

onnd  by  entering  at  the  t 

TABLB  18:  AUGKBHTATIOV  OF  KOOVS  SBXTDIAICBTBB. 

This  table  ^ves  the  augmentation  of  the  moon's  semidiameter  calculated  by  the  formula; 

7  =  c«<ainA4-te'i'sin>A  +  (<^«*. 
where  h  =  moon's  ^parent  altitude; 

(  k:  moon's  boriionta]  semidiameter; 
g  =  augmentation  of  semidiameter  for  altitude  h;  and 
kige-6.a021. 

TABIA  10:  AUOKENTAIIOH  OF  MOCHTB  HOBZZOHTAI.  PABAUJkX. 

This  table  contains  the  augmentation  of  the  moon's  horisontal  parallax,  or  the  correction  to  redaco 
Ae  moon's  equatorial  horizontal  parallax  to  that  point  of  the  earth's  axis  wliich  lies  in  the  vertical  of 
(he  ofaeerver  In  any  given  latitude;  it  is  computed l>y  the  fbnnain: 


"iiontal  par^lax; 

f  the  meridian;  log  «■  =  7.81602;  am. 

of  the  horisontal  parallax  for  the  latitude,  ^y^  h/CiOOtjIc 


when    ir  =  equatorial  horiiontal  parallax; 
L  x=  latitude; 

=  7.81802;  and 


XXPLAHATION    or   THB   TABLES. 
IABZ.B  SOA:  XBAK  BXTRAVOXOi. 


TABI.B  20B:    KKAS  KEFKAOTION  AKI>  f  AAAIXAZ  OF  SUH. 


TABLES  SI,  aS:   OOBBXOTIONB  OF  KXFKACTION'  FOB  BABOKBTBB  AHS 


«0e  are  deduced  from  BeaBel'B  tables.     The  method  of  their  emploTment  will  be  evident. 
TABZ.X  S3:   XXAJT  BXFBAOTION  AND  KKAV  PABAMAX  OF  KOON. 


TABLE  94:  KBAIT  BEFBAOTION  AND  PASALLAX  OF  KOOIT. 

rMC 

0.00  inchea,  ud 
thennometer  60°  Fuir. 

For  seconds  of  pArallax,  enter  the  table  kbreast  the  »pprozinuite  correction  and  find  the  eeconda  of 
horizontal  parallax,  the  tens  of  tecooda  at  the  aide  and  the  nnitH  at  the  top.  Under  the  latter  and 
oppodte  the  former  will  be  the  seconda  to  add  to  the  correction. 

For  minutefl  of  altitade,  take  the  eeoonds  from  the  extreme  right  Of  the  page,  and  apply  them  u 
there  directed, 

TABLE  9D:   OBAVaX  OF  ALTITUDB  BTTE  TO  OEAITOB  OF  DBOXIVATIOir. 

This  table  givea  the  variation  of  the  altitude  of  anjr  hwT«nlv  body  arising  from  a  change  of  100**  in 
the  declination.  It  ia  useful  for  finding  the  equation  of  equal  altitudes  by  the  approziinate  m^hod 
explained  in  article  324,  Chapter  XI,  and  for  otoer  pnrpoees. 

If  the  change  move  the  body  toward  the  elevatM  pole,  apply  the  correction  to  the  altitude  with  the 
eigne  in  the  tables  otherwise  change  the  tdgna. 

TABLE  86:    OSAXOX  OF  ALTITUPE  IK  CHE  KZVT7TE  FBOK  HEBIDIAJr. 

This  table  givea  the  variation  of  the  altitude  of  any  heavenly  body,  for  me  minute  of  time  (nxn  ' 
meridian  posBage,  for  latitudes  up  to  60°,  declinatioua  to  63°,  and  altitudes  between  6°  and  86°.  It  is 
based  upon  the  method  set  forth  m  article  328,  Chapter  XII,  and  the  values  may  be  compoted  by  the 
formula:  /.■'ni 

^■•.9636  cos  L  cos  <f 
""         sin  (L-d)       ' 
where  a=variatioii  of  altitude  in  one  minnte  from  meridian, 
L= latitude,  and 

d=declination — positiTe  for  same  nonie  and  negative  for  opposite  name  to  latitude  at  upper 
transit,  and  negative  for  same  name  at  lower  transit. 

The  limita  of  the  table  take  in  all  values  of  latitude,  declination,  and  oltitnde  which  are  likdy  to 
be  required.  In  its  employment,  care  must  be  taken  to  enter  the  table  at  a  place  where  the  declinatioo 
la  appropriately  named  (of^the  same  or  opposite  name  to  the  latitude);  it  snonld  idso  be  noted  that  at 
the  bottom  of  the  lost  three  paeee  values  are  given  for  the  variation  of  a  body  at  lower  tiMudt,  which  can 
only  be  observed  when  the  declinatioa  and  latitude  are  of  the  same  name,  and  in  which  case  the  reduc- 
tion to  the  meridian  ia  subtractive;  ihe  limitations  in  this  case  are  stated  at  the  fooi  of  the  page,  and 
apply  to  all  valnes  below  the  heavy  rules. 

TABLE  87:   OHAVOE  OF  AUnTUSB  IN  GIVEN  THEE  FBOV  MEBXDIAN. 

This  table  gives  the  product  of  the  variation  in  altitude  in  one  minute  of  a  hsavenly  body  oear  the 


meridian." 

The  formula  for  computing  is: 

Red.  =  o  X  (*( 
where  a  —  variation  in  one  minute  (Table  20) ,  and 

(  =  number  of  minntee  (in  units  and  tenths)  from  time  of  meridian  paaeage. 
The  table  is  entered  in  the  column  of  the  nearest  interval  of  time  from  meridian,  and  Vaa  valoa 
taken  out  corrresponding  to  the  value  of  a  found  from  Table  26.    The  units  and  tenths  are  picked  oat 
sepaiatriy  and  combined,  each  being  corrected  by  interpolation  for  intermediat«  intwvals  of  time. 

Thensult  is  the  amount  to  be  applied  to  the  observed  altitude  to  reduce  it  to  the  mMtdiaa  altttlid% 
which  is  always  to  be  added  tor  upper  tmuits  md  subtncted  for  loweL 
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BZPLAXAHOR  or  THE  TABLES. 
TABLB  38,  A,  B,  C,  D:  I^TXTUSi:  BT  POLAAZS. 


T*WTi»ff  98,  80,  SI:  OOHTXBSIOK  TABLXB. 
Hmm  mn  Bslf-ezplatuttorr. 

TABU  8S;  TBCT  TOBOS  ASD  DZBBOXIOir  OT  WIHD. 

This  table  eikablw  ao  oboerver  on  boud  of  a  moTins  veawl  to  detwrnlne  thetme  fcnoe  utddincUoB 
of  tbe  wind  from  Ha  apparent  force  and  direction.  EnW  the  table  with  the  appai«iit  direction  of  the 
iriiid  (nnmber  of  poinU  on  the  bow)  and  force  (Beanfort  scale)  as  aigoments,  and  pick  oat  the  dirao- 
ticm  rdatively  to  toe  ebiffe  head  and  the  force  corresponding  to  the  known  speed  of  ue  ship. 

Examflb:  a  vessel  steamins  S£.  at  a  speed  of  16  knota  iqtpears  to  hare  »  wind  blowing  from  thrae 
poiiita  on  the  starboard  bow  wiu  a  force  of  6,  Beanfort  scale.    What  is  the  tme  direction  and  forceT 

Id  tbe  colninn  headed  8  (meaning  three  points  on  bow,  mppnaait  direction)  and  in  the  line  6 
(niparent  force,  Beanfort  scale),  we  fl^d  abreast  16  (knots,  speed  of  venel)  that  the  tme  direction  is  6 
pMnts  oa  starboard  bow,  i.  t.,  8.  by  W.,  and  tme  force  4. 

TABXiB  83:    VXBIIOAI.  AVGIiBB. 

This  table  nvee  the  distance  of  an  object  of  known  height  by  the  vertical  angle  that  it  mibtenda  at 
tbe  poBtion  of  uie  obe^'ver.    It  was  computed  by  the  formola: 

h 
tana  =  5, 

where  a  =  the  vertical  angle; 

h  =  the  he^ht  of  l£e  observed  object  in  feet:  and 
d  =  the  distance  of  the  object,  also  converted  into  feet 
n>e  employment  of  this  method  of  finding  distance  is  explained  in  article  139,  chapter  IV. 

TABX.B  84:    HOBJZON  ASOLES. 

This  shows  the  distance  in  yards  corresponding  to  any  observed  angle  lietween  an  object  and  the 
sea  horixon  beyond,  the  observer  being  at  a  known  neighL 
The  meUiod  of  use  is  explained  in  article  139,  chapter  IV. 

TABLB  SS:   SFKED  TABLE. 

This  table  shows  the  rate  of  speed,  in  nantical  miles  per  hoar,  of  a  veceel  which  trawees  a  meaanred 

ilein  any  given  number  oE  minutes  and  secon  '       '"  '       -       >    -"■-  ■■  >--    -■     i- -.       ■■■-  -  i- 

■nd  the  nnmber  of  seconds  at  the  side;  nnder  oi 


BKPLANATION   OT   THE   TABLK. 
TABia  M:  I.OC&I.  ASH  8TASDABD  TDDB. 


of  tiine  only;  bong  intonded  (or  the  reduction  of  auck  wprokimmte  qoftotiticM  m  the  tuoe  ot  hi^  water 
V  time  of  eniuaet.    Mor«  ex»ct  rednctioDB,  when  requliM,  may  be  made  by  Tdile  7. 

TABIA  87:  LOOABIXHMB  POK  EOVAL  ALIITDDI  SlcaiS. 


TABLB  87 A:  EQUATION  OT  XQUAL  AI/IITOSXS  HXAB  irO(»r. 


:  XTTBOT  UPON  IiONQITDDB  OT  XBBOB  IN  I.ATITn]>B. 


Thus,  when  the  buh'b  altitude  ia  30°,  the  latitude  30°,  and  the  polar  distance  100°,  the  error  ia 
cj^t-t«ntha  of  a  mile. 

The  effect  of  an  incrtoM  of  latitude  ia  ta  followa; 

In  Wat  longitude,  rEast  1  of  meridian,  the  fdecreaMdl    except  where  marked  (increaaed  1 
the  body  being   IWeet/     longitude  ia      i  increaaed /'       by*,  when  it  ia       tdecreaaedr 

In  Eatt  longitude,  (Eaat  \  of  meridian,  the  /increaaed  1    except  where  marked  FdecreMedl 
thebodylmng    (Weet/     lon^tudeia      \decieaaed/'       by*,whenitiB       lincreaaed/* 

A  dtertate  of  latitude  baa  the  contrary  eSect. 

The  direction  of  error  may  rei'"""^ '-" 

iring  of  the 

TABLB  30:  AMFUTUSBB. 

This  table  containa  amplitudes  of  heavenly  bodies,  at  riaing  and  setting,  for  varioua  latitudea  and 
dediaationa,  computed  by  the  formula: 

mn  amp.Kaec.  Lat.  Xain  dec. 


It  ia  entcted  with  the  declinatum  at  the  top  and  the  latitude  at  the  aide, 
lu  uee  ia  explained  in  article  358,  Chapter  XIV. 
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TABIA  40;  CX>BBXCTXON  FOB  AXFLITUmS. 

Hub  table  givM  «  coirectioii  to  be  appUod  to  tb«  obeerred  unplitode  to  counteract  the  vertical 
dbplaceinent  dae  to  refractioa,  parallax,  and  dip,  when  the  body  la  observed  with  ita  center  in  the 
Tiaible  horizon. 

The  correction  ia  to  be  applied  for  the  nui,  a  planet,  or  a  star,  as  foUowe: 

^^  to^ta  b:  ift: }  »pp'y  *>"•  ^^^j™  *«  ^'>  ^^*- 

"^'^^^N  lS;  }»PP'y  ">«  correction  to  the  left. 
For  the  moon,  apply  ha^  the  correction  in  the  oonirory  manner. 

TABI2  41:  NATUBAI,  SINES  AND  COSINES. 

Tbia  table  oontaina  thenatwal  doe  and  cosine  for  ever^  minnte  of  the  quadrent,  and  is  to  b« 
entered  at  the  top  or  bottom  with  the  dcgreeo,  aoB  at  the  nde  marked  M.,  with  the  minntM;  the 
ccntepoDdiiiK  nnmbers  will  be  the  natural  sine  and  cosine,  respectively,  observing  that  if  the  degnee 
are  foond  at  the  top,  tbe  name  rine,  ooeine,  and  M.  mnat  also  be  found  at  the  top,  and  the  contruy  if 
thed»reee  are  found  at  the  bottom.  It  should  be  understood  that  all  numbOTs  nyen  in  the  tanle 
should  be  divided  by  100,000— that  is,  pointed  off  to  omtaln  five  decimal  places.  Thoa,  .43366  is  the 
natural  rane  of  25°  42',  or  the  coeine  of  M"  18'. 

In  tbe  ont«r  columns  of  the  margin  are  given  tables  of  proportional  parts,  for  the  purpooe  of  flndlng, 
afproximatalv,  br  inspection,  tbe  proportional  part  corresponding  to  any  number  of  secODda  in  the 
OTopoeed  angle,  the  seconds  being  fonnd  in  the  marginal  colomn  marked  H.,  and  the  correction  in 
the  adjoining  column.  Thus,  if  we  suppose  that  it  were  reqnired  to  find  the  natural  sine  correspcoidinj; 
to  2S*  42'  19*,  the  difference  of  the  sioee  of  26°  42'  and  25"  43'  is  26,  being  the  «une  aa  at  the  top  of  the 
lett-hand  colmnn  of  the  table;  and  in  this  column,  and  opposite  ID  in  the  column  M.,  is  the  coneo- 
tioii  8.  Adding  this  to  the  above  number  .43366,  because  tna  numbers  are  tncrauinjr,  we  get  .43374  for 
the  dne  of  25"  42'  IS'.  In  like  manner,  we  And  the  cosine  of  the  same  angle  to  be  .g01C«-4-. 90104, 
wii%  the  right-hand  columns,  and  tubtriieting  because  the  numbers  are  decrtatmg;  observing,  however, 
that  the  number  14  at  the  top  of  this  column  varies  1  from  the  difference  between  the  cosines  of  25°  42^ 
and  25°  43',  which  is  only  13;  so  that  the  table  may  ^ve  In  some  cases  a  nnit  too  much  between  tbe 
angles  25^42' and  2(>°43';  but  this  is,  in  general,  of  but  little  importance,  and  when  accuracy  is  required, 
the  usual  method  of  proportional  parts  is  to  be  resorted  to,  using  the  actual  tabular  difference. 

TABLE  43:  LOOABITHUS  OF  NUICBEBS. 


TABI^  43:  LOaABITHltS  OF  TBIOONOKBTBIG  FCVCTIONS,  Q1TABTBB  POINTS. 

This  table  cwitaina  the  logarithms  of  tbe  unes,  tangents,  etc,  corresponding  to  points  and  quarter 
pomts  of  the  compass.    This  was  compared  with  Sherwm's,  Button's,  and  Taylor's  Ic^arithms. 

TABLE  44:  I.OQABITHXS  OF  TBIOONOXETRIO  7UN0TZONS,  DBOBBB8. 

This  table  contains  the  commMi  logarithms  of  the  Bines,  tangents,  secants,  etc.  It  was  ccanpated 
with  GOierwin's,  Hotton's,  and  Taylor's  tables.  Two  additional  columns  are  given  in  this  table,  which 
are  very  convenient  in  finding  the  time  from  an  altitude  of  the  sun;  also,  three  columns  of  jHoportional 
sons  for  seconds  of  space,  and  a  small  table  at  the  bottom  of  each  page  for  findine  the  proportional  parts 
Iw  seconds  ol  time.  The  degrees  are  marked  to  180°,  which  saves  w.e  trouble  of  subtracting  the  given 
angle  fnun  180°  when  it  exceeds  90°. 

The  use  of  this  table  is  fully  explained  in  Appendix  III  in  an  article  on  Logarithms. 

TABLB  40:  LOQABITHiaO  AND  NATUBAL  HAVBB8INB8. 

The  havoaine  is  defined  by  the  following  relatuH) : 

hav.  A— i  vers.  A— }(!— os  A)— sin*  JA. 

It  is  a  bigonometric  function  which  simplifies  the  solution  of  many  problems  in  nautical  astronomy 
w  well  as  in  plane  trigonometry.  To  afford  the  mairimiirii  facility  in  carrying  out  the  fwocenee  of 
salnti<m,  the  iralues  of  tne  natural  havenine  and  its  logarithm  are  set  down  together  in  a  single  table 
kx  all  values  ol  angle  ranging  from  0°  to  360°,  exprened  both  in  arc  and  in  time. 
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514  BXPIdlNATION   OF  THS  TABIJES. 

TABLB  40;  OORRXOTtONS  TO  BE  APPLIED  IH  OBDBB  TO  ITNI}  THE  TRUE  AI/TI- 
TtmE  OP  A  STAB  AND  AlrSO  OF  THE  SUN  PBOM  THE  OBBBBVED  AX/TinmE 
ABOVE  THE  HORIZON. 

This  ii  a  consolidated  table  in  which  the  tabulated  correction  for  an  obnrred  mltitade  of  a  star 
combines  the  mean  refraction  and  the  dip,  and  that  for  an  observed  altitude  of  the  ean's  lower  limb 
combipee  the  mean  refraction,  the  dip,  the  paiallax,  and  the  mean  .Bemidiameter,  which  ia  taken  a 

,a,      . 1 . —  '-ble  tA  the  foot  of  the  main  table  take*  account  of  "-*  — — -" '  "- ' 

lent  moDtha  of  the  year. 

TABLE  47:  THE  LONaiTtTDE  PAOTOB. 

The  change  in  ton^tude  due  to  a  change  of  1'  in  latitude,  called  the  longitude  factor,  F,  ia  given  in 
thia  table  at  euilable  intervals  of  latitude  and  azimuth.  The  qoantities  tabulated  are  computed  from 
the  formala — 

F-aec  Lat  Xcot  Ac. 

When  a  time  sight  is  solved  with  a  dead-rec'koning  latitude,  the  resulting  longitDde  is  only  Ime 
if  the  latitode  be  correct  This  table,  b^  settjna  forth  the  nnmber  of  minutes  of  longitnde  dne  to  eadi 
minute  ol  error  in  latitude,  givee  the  meana  of  oiiding  the  correction  to  the  longitnde  lot  any  emu  that 
may  subaeqnentlf  be  disclosed  in  the  latitude  need  in  the  calculation. 

Beftaroins  the  asimuth  of  the  obeerred  celestial  body  as  lesa  than  90°  and  as  measured  from  eatfaer 
the  North  or  toe  Sooth  point  of  the  horisoo  towards  East  or  WeaL  the  role  for  detwmining  whether  the 
correction  in  lonj^tude  is  to  be  applied  to  the  eastward  or  to  the  weotward  will  be  as  follows:  U  the 
chai^  in  latitude  isof  the  same  name  as  the  fint  letter  of  the  beariDg,  the  change  in  longitude  la  <k  tbe 
ciHitniry  name  to  that  of  the  second  letter,  and  rice  vena. 

Thus,  if  the  body  bears  B.  46°  E.  and  the  change  in  latitude  is  to  the  aonthward,  the  chai^  in 
longitude  will  be  to  the  westward;  and,  if  the  change  in  latitude  ts  to  the  northward,  the  change  fa> 
longitude  will  be  to  the  eastward. 

The  convenient  application  of  tlie  longitude  factor  in  titwiing  the  intersecticm  of  Smnner  linaa  ts 
exidained  in  article  3^. 

TABLE  46:  THE  LATITUDE  EAC7TOB. 


^-F-sec.UtXcot  As.-*^  ^ ^^  ^ 

When  an  ex-meridlan  right  is  solved  with  a  lot^itnde  afterwards  found  to  be  in  cnor,  this  table,  by 
•attltw  forth  the  nmnber  cd  minutes  of  latitude  due  to  each  V  of  error  in  longitude,  gives  the  means 
of  flnding  the  correction  in  the  latitude  for  the  amount  of  wror  in  the  longitude  used  In  the  calcnlattoo. 

RegutUnc  the  aiimntta  of  the  obeerved  oelestial  body  as  lees  than  90°  and  as  measured  from  etthai 
the  North  or  toe  Booth  pcdntof  thehoriion  towards  East  or  West,  the  role  for  determininswhelhw  the 
correction  in  latitude  is  to  be  applied  to  the  northward  or  to  the  southward  is  as  follows:  It  the  cbaame 
fa)  longitnde  ia  of  tiie  same  name  as  the  second  letter  of  the  beariog,  the  change  in  latitode  Is  oftfie 
conlnuT  name  to  Uie  flnt  letter,  aikd  vice  versa.  Thus,  if  the  body  bears  8.  14°  E.  and  the  change  in 
longitode  is  to  the  westward,  the  change  in  latitude  will  be  to  the  southward,  and,  If  the  change  ia 
lonsitnde  la  to  the  eaatwaid.  the  change  in  latitude  will  be  to  the  northward. 

n  of  the  latitode  factor  in  flnding  the  Intetaection  of  Sontner  Unas  ii 


In  thin  table,  which  ia  to  be  entered  with  the  Dbserved  altitude  in  the  side  column  and  from  the 
top  with  the  hoiizontal  parallax  as  obtained  from  the  Nautical  Almanac  for  the  time  of  obserratioa, 
there  are  set  down  the  conectionB  to  be  applied  to  the  obeerved  altitude  of  the  moon's  upper  limb  above 
the  horizoD ,  and  atao  of  the  lower  limb,  giving  the  combined  effect  of  the  dip  of  the  honion  for  a  Imigfc* 
of  the  eye  of  the  observer  of  35  feet  above  the  level  of  the  sea,  of  the  astronomical  refraction  fi^  the  mean 
elate  of  the  atmosphere,  and  of  the  parallax  and  semidiameter  of  the  moou. 

A  eupplemeuury  table,  following  the  main  table,  takes  account  of  heig^kts  of  the  eye  of  the  ofaaervw 
jlifftiriiig  from  3^  feet. 
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TABLE  1.                                          [Psge  6U 

Dilterenoe  of  I^tiUide  and  Deputnra  for  i  Pcnm. 
N.  t  E.                      N.  i  W.                      S.  i  E.                      S.  I  W. 

DIM. 

IM. 

Dep. 

DM. 

Lat. 

Bep. 

MM. 

IM. 

IMp. 

Dirt. 

Lat. 

Dep. 

DlM-l     lat. 

De^ 

1 
2 
8 
4 
5 
6 
7 
8 
9 
10 

1.0 
2.0 
3.0 
4.0 
6.0 
6.0 
7.0 
8.0 
9.0 
10.0 

0.0 
0.1 
0.1 
0.2 
0.2 
0.3 
0.3 
0.4 
0.4 
0.6 

ei 

62 
68 
64 
65 
66 
67 
68 
69 
70 

60.0 
61.9 
62.9 
63.9 
64.9 
65.9 
66.9 
67.9 
68.9 
69,9 

3.0 
8.0 
8.1 
3,1. 
8.2 
3.2 
3.3 
3.3 
3.4 
3.4 

121 

22 
23 
24 
26 
26 
27 
28 
29 
30 

120 
121 
122 
123 
124 
125 
126 
127 
128 
129 

9 
9 
9 
9 

8 
8 
8 
8 
8 
8 

5.9 
6.0 
6.0 
6.1 
6.1 
6.2 
6.2 
6.3 
6.3 
6.4 

181 

82 
S3 
84 
85 
SO 
87 

89 
90 

180.8 

161.8 
182.8 

ia^.6 

184. 8 
185.8 
166.8 
187.8 
188.8 
189.8 

8.9 
8.9 
9.0 

9.0 
9.1 
9.1 
9.2 
9.2 
9.3 
9.3 
^9:4- 
9,4 
9.5 
9.5 
9.6 
9.6 
9.7 
9.7 
9.8 
9.8 

241 
42 
43 

44 
45 
46 
47 
48 
49 
60 
251 
52 
53 
64 
65 
56 
57 
58 
69 
60 

240.7 
241.7 
242.7 
243.7 
244.7 
246.7 
246.7 
247.7 
248.7 
249.7 
250.7 
251.7 
262.7 
263.7 
264.7 
266.7 
266.7 
267.7 
258.7 
269.7 

'mrr 

261.7 

263:7 
264.7 
266.7 
266.7 
267.7 
288.7 
269.7 

11-8 
11.9 

n.9 

12.0 
12.0 
12.1 
12.1 
12.2 
12.2 
12.3 

12 
13 
14 

16 
16 
17 
18 
19 
30 

12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 

0.6 
0.6 
0.7 
0.7 
0.8 
0.8 
0.9 
0.9 
1.0 

72 
78 
74 
76 

76 
77 
78 
79 
80 

71.9 
72.9 
73.9 
74.9 
75.9 
76.9 
77.9 
78.9 
79.9 

S.5 
3.6 
8.6 
3.7 
3.7 
3.8 
3.S 
3.9 
3.9 

33 
34 
35 
36 
37 

39 
40 

131 
132 
133 
134 
135 
136 
137 
1S8 
139 
T40 
141 
142 
143 
144 
146 
146 
147 
148 
149 

8 
8 
8 
8 
8 
8 
8 
8 
8 

H" 
8 
8 
S 
8 
8 
8 
8 
8 
8 

6.5 
6.5 
6.6 
6.6 
6.7 
6.7 
6.8 
6.8 
6.9 

191 
92 
93 
94 
95 
96 
97 
98 
99 

200 

181.8 
192.8 
163.8 
194.8 
196.8 
196.8 

197;  8 
198.8 
199.8 

12.4 

12.4 
12.5 
12.5 
12.6 
12.0 
12.7 
12.7 
12.8 
12.8 
12.9 
12.9 
13.0 
13.0 
18.1 
13.1 
13.2 
13.2 
13.2 

22 
23 
24 
2S 
28 
87 
.  28 
29 
30 

22.0 
23. 0 
24.0 
2S.0 
^26.0 
27.0 
28.0 
29.0 
30.0 

1.1 
1.1 
1.2 
1.2 
1.3 
1.3 
1.4 
1.4 
1.6 

82 

84 
86 

86 
87 
88 
89 
90 

81.9 
82.9 
83.9 
84.9 
85.9 
86.9 
87.9 
88.9 
89.9 

4.0 
4.1 
4.1 
4.2 
4.2 
4.3 
4.3 
4.4 
4.4 

141 

42 
43 
44 
46 
46 
47 
48 
49 
50 

7.0 
7.0 
7.1 
7.1 

7.2 
7.2 
7.3 
7.3 

7,4 

02 
03 
04 
05 

06 
07 
08 
09 
10 

201.8 
202.8 
203.8 

204.8 
206.8 
206.8 

207.7 
208.7 
209.7 

9.9 
10.0 
10,0 
10.1 
10.1 
10.2 
10.2 
10.3 
10,3 

62 
63 
64 
65 
66 
67 
68 
69 
70 

31 
32 
33 
34 
35 
36 
57 
38 
38 
40 

31.0 
S2.0 
33.0 
34.0 
36.0 
36.0 
37.0 
88.0 
39.0 
40.0 

1.6 
1.6 
1.6 
1.7 
1.7 
1.8 
1.8 
1.9 
1.9 
2.0 

91 

93 
94 
96 
96 
97 
96 
99 
100 

BO.  9 
91.9 
92.9 
93.9 
94.9 
96.9 
96.9 
97.9 
98.9 
99.9 

4.5 
4.6 
4.6 
4.6 
4.7 
4.7 
4.8 
4.8 
4.9 
4.9 

161 
52 
53 
64 
55 
56 
57 
58 
59 
60 

160 
151 
152 
163 

164 
166 

166 
167 
168 
169 

a 

8 
8 
8 

8 
8 

8 
8 
8 
8 

7.4 
7.5 
7.6 
7.6 

7^7 
7.7 
7.8 

7.8 
7.9 

12 
18 
14 
15 
16 
17 
18 
19 
20 

210.7 
211.7 
212.7 
213.7 
214.7 
215.7 
216.7 
217.7 
218.7 
219.7 

10.4 
10.4 
10.5 
10.6 
10.6 
10.6 
10.6 
10.7 
10.7 
10.8 

271 
72 
73 
74 
76 
76 
77 
78 
79 
80 

270.7 
271.7 
272.7 
273.7 
274.7 
275.7 
276.7 
277.7 
278.7 
279.7 

13.3 
13.3 
18.4 
13.4 
13.6 
13.6 
13.6 
18.6 
13.7 
13.7 

41 
42 
43 
44 
46 
48 
47 
48 
49 
50 

41.0 
41.9 
42.9 
43.9 
44.9 
46.9 
46.9 
47.9 
48.9 
49.9 

2.0 
2.1 
2.1 
2.2 
2.2 
2.3 
2.3 
2.4 
2.4 
2.6 

lOl 
02 
03 
04 
06 
06 
07 
08 
09 
10 

100.9 
101.9 
102.9 
103.9 
104.9 
105.9 
106.9 
107.9 
108.9 
109.9 

6.0 
6.0 
5.1 
5.1 
6.2 
6.2 
5.3 
6.3 
6.8 
6.4 

161 
62 
63 
64 
66 
66 
67 
68 
69 
70 

160 
161 
162 
163 
164 
166 
166 
167 
168 
169 

8 
8 
8 
8 
8 
8 
8 

8 
8 

7.9 
7.9 
8.0 
8.0 
8.1 
8.1 
8.2 
8.2 
8.8 
8.3 

221 
22 
23 
24 
26 
26 

29 
30 

220.7 
221.7 
222.7 
223.7 
224.7 
226.7 
226.7 
227.7 
228.7 
229.7 

10.8 
10.9 
10.9 
11. 0 
11.0 
11.1 
11.1 
11.2 
11.2 
11.3 

281 
82 
83 
84 
86 
86 
87 
88 
89 
90 

280.7 
281.7 
282.7 
283.7 
284.7 
286.7 
286.7 
287.7 
288.7 

13.8 
13.8 
13.9 
18.9 
14.0 
14.0 
14.1 
14.1 
14.2 
14.2 

51 
62 
53 
64 
66 
S6 
67 
58 
69 
60 

60.9 
61.0 
52.9 
53.9 
64.9 
65.9 
66.9 
57.9 
58.9 
69.9 

2.6 
2.6 
2.6 
2.6 
2.7 
2.7 
2.8 
2.8 
2.9 
2.9 

111 
12 
13 
14 
16 
16 
17 
18 
19 
20 

110.9 
111.9 
112.9 
113.9 
114.9 
115.9 
116.9 
117.9 
118.9 
119.9 

6.4 
6.6 
5.6 
6.6 
6.6 
6.7 
5.7 
6.8 
5.8 
5.9 

171 

72 
73 
74 
75 
76 
77 
78 
79 
80 

170 
171 
172 
173 
174 
175 
176 
177 
178 
179 

8 
8 
8 

8 
8 
8 
8 
8 
8 
8 

8.4 
8.4 
8.5 
8.6 
8,6 
8.6 
8.7 
8.7 
8.8 
8.8 

231 
32 
33 
34 
35 
36 
37 
38 
39 
40 

230.7 
231.7 
232.7 
233.7 
234.7 
236.7 
236.7 
237.7 

239;? 

11.3 
11.4 
11.4 
11.6 
11.6 
11.6 
11.6 
11.7 
11.7 
11.8 

291 
92 
93 
94 
96 
96 
97 
98 
99 

300 

290.6 
291.6 
292.6 

29416 
296.6 

296.0 
297.8 
298.6 

14.3 
14.3 
14.4 
14.4 
14.6 
14.6 
14.6 
14.6 
14.7 
14.7 

Dtat 

Dep. 

1^1. 

Din. 

Dap. 

la.L 

DisL 

Dep. 

Lat. 

DIA. 

Dap. 

Lat. 

Dtatj     Dep. 

Lat. 

E.iN.                 E.i8.                    W.JN.                    W.  IS.                  [For  7J  Points.      1 
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TABLE  1. 

N.  JE. 

N.  iW. 

& )  E.                 a )  W. 

Otat 

UL 

pe^ 

DU. 

IM. 

DfV. 

Dlit. 

Ut. 

Dw. 

DM. 

Ut 

Dep. 

DW. 

I^ 

Dtp. 

1 

1.0 

0.1 

61 

60.7 

6.0 

121 

120.4 

11.9 

181 

180.1 

17.7 

241 

239.8 

23.6 

2 

2.0 

0.2 

62 

61.7 

6.1 

22 

121.4 

12.0 

82 

181.: 
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[Ptg«64S 

IMfierenoe  of  L«Utade  uid  Departuw  tor  6"  ( 174",  186",  364" 

OmL 

IaL 

Dtp. 
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TABLE  2. 
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D^ 

DM. 

tM. 

Dep. 

DM. 

IM. 

Dep. 

1 

1.0 

0.1 

61 

60.5 

7.4 

121 

120.1 

14.7 

181 

179.7 

22.1 

241 

239.2 

29.4 

2 

2.0 

0.2 

62 

61.6 

7.6 

22 

121.1 

14.9 

82 

180.6 

22.2 

42 

240.2 

29.5 

3 

3.0 

0.4 

63 

62.* 

7.7 

23 

122.1 

15.0 

83 

181.6 

22.3 

43 

241.2 

29.6 

4 

4.0 

0.6 

64 

63.6 

7.8 

24 

123.1 

15.1 

84 

182.6 

22.4 

44 

242.2 

29.7 

6 

6.0 

0.6 

65 

64.6 

7.9 

25 

124.1 

16.2 

85 

183.6 

22.5 

46 

243.2 

29.9 

6 

6.0 

0.7 

66 

65.6 

8.0 

26 

126.1 

16.4 

86 

184.6 

22.7 

46 

244.2 

30.0 

7 

6.9 

0.0 

67 

66.6 

8.2 

27 

126.1 

15.5 

87 

185.6 

22.8 

47 

245.2 

30.1 

8 

7.9 

1.0 

68 

67.6 

8.3 

28 

127.0 

15.6 

88 

186.6 

22.9 

48 

246.2 

30.2 

9 

6.9 

1.1 

60 

68.6 

8.4 

29 

128.0 

15.7 

89 

187.6 

23.0 

49 

247.1 

30.3 

10 

9.0 

1.2 

70 

69.6 

8.6 

30 

129.0 

15.8 

90 

188.6 

23.2 

50 

248.1 

30.5 

-iT 

10.9 

1.8 

^TT 

70.6 

6.7 

IST 

laoo" 

16.0 

T9r 

189.6 

23.3 

"»r 

249.1 

30.6 

12 

11.9 

1.6 

72 

71.5 

88 

32 

181.0 

16.1 

92 

190.6 

23.4 

62 

250.1 

30.7 

13 

12.9 

1.6 

73 

72.6 

8.0 

33 

132.0 

16.2 

93 

191.6 

23.6 

63 

251.1 

30.8 

14 

13.9 

1.7 

74 

73.4 

0.0 

34 

133.0 

16.3 

94 

192.8 

23.6 

64 

252.1 

31.0 

16 

14.0 

1.8 

76 

74.4 

9.1 

85 

134.0 

16.5 

96 

193.6 

23.8 

55 

253.1 

31.1 

16 

15.9 

1.9 

76 

76.4 

9.3 

36 

186.0 

16.6 

96 

194.6 

23.9 

66 

264.1 

31.2 

17 

16.9 

2.1 

77 

76.4 

9.4 

87 

136.0 

16.7 

97 

195.6 

24.0 

67 

255.1 

31.3 

18 

17.9 

2.2 

78 

77.4 

9.5 

88 

137.0 

16.8 

98 

196.6 

24.1 

68 

256.] 

31.4 

19 

18.9 

2.8 

79 

78.4 

9.6 

39 

136.0 

16.9 

99 

197.  B 

24.3 

69 

257.1 

31.6 

20 

19.9 

2.4 

80 

79.4 

0.7 

40 

139.0 

17.1 

200 

198.6 

24.4 

60 

268.1 

31.7 

-2r 

"SOF 

2.6 

-gr 

-ioTT 

9.9 

-ia 

Tssir 

17.2 

201 

199.6 

24.5 

m- 

-25»rr 

31.8 

22 

21.8 

2.7 

82 

81.4 

10.0 

42 

140.9 

17.3 

02 

200.6 

24.6 

62 

260.0 

31.9 

23 

22.8 

2.8 

83 

82.4 

10.1 

43 

141.9 

17.4 

03 

201.6 

24.7 

68 

261.0 

32.1 

24 

23.8 

2.0 

84 

83.4 

10.2 

44 

142.9 

17.5 

04 

202.6 

24.9 

64 

262.0 

82.2 

26 

24.8 

3.0 

86 

84.4 

10.4 

46 

143.9 

17.7 

05 

203.6 

26.0 

66 

263.0 

32.3 

26 

26.8 

3.2 

86 

85.4 

10.5 

46 

144.9 

17.8 

06 

204.6 

26.1 

66 

264.0 

32.4 

27 

26.8 

3.3 

87 

86.4 

10.6 

47 

146.9 

17.0 

07 

206.5 

25.2 

67 

266.0 

32.5 

28 

27.8 

3.4 

88 

87.3 

10.7 

48 

146.9 

18.0 

OS 

206.4 

26.3 

68 

266.0 

32.7 

29 

28.8 

3.6 

89 

88.3 

10.8 

49 

147.9 

18.2 

09 

207.4 

26.6 

69 

267.0 

32.8 

30 

29.8 

3.7 

90 

89.3 

11.0 

60 

148.9 

18.3 

10 

208.4 

25.6 

70 

268.0 

32.9 

"sT 

30.8 

3.6 

90.3 

11.1 

151 

149.0 

18.4 

2ir 

209.4 

25.7 

TfT 

"2m:t 

"m:o- 

32 

31.8 

3.9 

92 

91.3 

11.2 

52 

160.9 

18.6 

12 

210.4 

26.8 

72 

270.0 

33.1 

33 

32.8 

4.0 

93 

92.3 

11.3 

53 

161.9 

18.6 

18 

211.4 

26.0 

73 

271.0 

33.3 

34 

3S.  7 

4.1 

94 

93.3 

11.6 

64 

152.9 

18.8 

14 

212.4 

26.1 

74 

272.0 

33.4 

35 

84.7 

4.3 

96 

94.3 

11.6 

55 

153.8 

18.9 

16 

213.4 

26.2 

75 

278.0 

33.5 

36 

36.7 

4.4 

96 

95.3 

11.7 

56 

164.8 

19.0 

16 

214.4 

26.3 

76 

273.9 

33.6 

37 

4.5 

97 

06.3 

11.8 

67 

166.8 

19.1 

17 

216.4 

28.4 

77 

274.9 

33.8 

38 

37^7 

4.6 

98 

97.3 

11.9 

58 

156.8 

19.3 

18 

216.4 

26.6 

78 

276 

33.9 

39 

38.7 

4.8 

99 

98.3 

12.1 

69 

167.8 

19.4 

19 

217.4 

26.7 

79 

276 

34.0 

40 

39.7 

4.9 

100 

99.3 

12.2 

60 

158.8 

19.6 

20 

218.4 

26.8 

SO 

277 

34.1 

41 

40.7 

6.0 

lor 

100.2 

12.3 

Tsr 

159.8 

19.6 

kT 

219.4 

26.9 

MT 

-m. 

T 

34.2 

42 

41.7 

6.1 

02 

101.2 

12.4 

62 

160.8 

19.7 

22 

220.3 

27.1 

82 

279 

34.4 

43 

42.7 

6.2 

03 

102.2 

12.6 

63 

161.8 

19.9 

23 

221.3 

27.2 

S3 

280 

34.6 

44 

43.7 

6.4 

04 

103.2 

12.7 

64 

162.8 

20.0 

24 

222.3 

27.3 

84 

281 

34.6 

46 

44.7 

6.5 

06 

104.2 

12.8 

66 

163.8 

20.1 

26 

223.3 

27.4 

86 

282 

34.7 

46 

45.7 

6.6 

06 

106.2 

12.9 

66 

164.8 

20.2 

26 

224.3 

27.6 

86 

283 

34.9 

47 

46.6 

6.7 

07 

106.2 

13.0 

67 

166.8 

20.4 

27 

225.3 

27.7 

87 

284 

36.0 

48 

47.6 

6.8 

08 

107.2 

13.2 

68 

166.7 

20.6 

28 

226.3 

27.8 

88 

286 

35.1 

49 

48.6 

6.0 

09 

108.2 

13.3 

69 

167.7 

20.6 

29 

227.3 

27.9 

89 

286 

35.2 

60 
61 

49.6 
60.6 

6.1 
6.2 

10 
TTT 

109.2 
110.2 

3.4 
3.6 

70 
TtT 

168.7 

■mr 

20.7 

30 

228.3 

28.0 

90 

287 

35.3 

"208' 

■^r 

"220" 

28.2 

■29r 

-m 

"35:6" 

52 

61.6 

6.3 

12 

111.2 

3.6 

72 

170.7 

21.0 

32 

230.3 

28.3 

92 

289 

35.6 

63 

52.6 

6.5 

13 

112.2 

13.8 

73 

171.7 

21.1 

33 

231.3 

28.4 

93 

290 

35.7 

64 

63.6 

6.6 

14 

113.2 

13.9 

74 

172.7 

SI.  2 

34 

232.3 

28.6 

94 

291 

36.8 

56 

54.6 

8.7 

16 

114.1 

14.0 

76 

173.7 

21.3 

35 

233.2 

28.6 

95 

292 

36.0 

66 

55.6 

6.8 

16 

116.1 

14.1 

76 

174.7 

21.4 

36 

234.2 

28.8 

06 

293 

86.1 

57 

66.6 

6.9 

17 

116.1 

14.3 

77 

175.7 

21.6 

37 

236.2 

28.9 

97 

294 

36.2 

68 

57.6 

7.1 

18 

117.1 

14.4 

78 

176.7 

21.7 

38 

236.2 

29.0 

98 

296 

8 

36.3 

69 

68.6 

7.2 

19 

118.1 

14.5 

79 

177.7 

21.8 

39 

237.2 

29.1 

99 

296 

8 

36.4 

60 

60.6 

7.3 

20 

119.1 

14.6 

80 

178.7 

SI.  9 

40 

238.2 

29.2 

900 

297 

8 

36.6 

DM. 

Dep. 

LU. 

DM. 

Dep. 

Ut 

DM. 

Dep. 

Lftt 

dmT 

Dep. 

Ut. 

DM. 

Dep. 

IM. 

83«  (97",  263»,  277').                                                                 1 

ijGoogle 


TABLE  3. 

EPtg«6i5 

DtfleraiKe  of  Utitoae  and  Deptrttre  for 

7"  (173*,  187 

•,  368» 

). 

DtaL 

lAi. 

Dep. 

MM. 

LftC 

Dep. 

DM. 

UL 

Dtp. 

DW. 

Lat. 

Dep. 

DIM. 

L>L 

Dep. 

SOI 

298.7 

36.7 

361 

358.3 

44.0 

421 

417.9 

61.8 

481 

477.4 

5S.6 

541 

587.0 

66.9 

02 

29S.7 

36.8 

62 

369.3 

44.1 

22 

418.8 

61.4 

82 

478.4 

68.7 

42 

637.9 

66.0 

03 

300.7 

36.9 

63 

360.3 

44.2 

23 

419.8 

51.5 

S3 

479.4 

68.8 

43 

538.9 

66.2 

04 

301.7 

37.0 

64 

361.3 

44.4 

24 

420.8 

51.7 

84 

480.4 

58.0 

44 

639.9 

66.3 

06 

302.7 

37.2 

66 

362.3 

44.6 

26 

421.8 

61.8 

65 

481.4 

50.1 

45 

640.9 

86.4 

06 

303.7 

37.3 

66 

363.8 

44.6 

26 

422.8 

51.9 

86 

482.4 

69.2 

46 

541.9 

66.6 

07 

304.7 

37.4 

67 

364.3 

44.7 

27 

423.8 

52.0 

87 

483.4 

47 

542.9 

66.7 

OS 

306.7 

37.6 

68 

366.2 

44.8 

28 

424.8 

52.2 

as 

484.3 

59.6 

48 

643.9 

66.8 

09 

306.7 

37.7 

69 

366.2 

45.0 

29 

425.6 

62.3 

485.3 

59.6 

40 

544.9 

66.9 

10 

307.7 

37.8 

70 

367.2 

46.1 

30 

426.8 

62.4 

90 

486.3 

69.7 

50 

546.0 

67.0 

Sir 

loO" 

"37:» 

"STT 

368.2 

«:2^ 

isr 

"SO" 

62.6 

isr 

"487"3' 

59.8 

esT 

646.9 

67.1 

12 

300.7 

38.0 

72 

369.2 

45.3 

32 

428.8 

52.6 

92 

488.3 

69.9 

62 

547.9 

67.2 

13 

310.7 

38.1 

73 

870.2 

46.6 

83 

429.8 

62.8 

93 

489.3 

60.1 

53 

548.9 

67.4 

14 

811.7 

38.3 

74 

371.2 

45.6 

34 

430.8 

62.9 

94 

490.3 

60.2 

64 

640.0 

67.5 

16 

318.6 

38.4 

75 

372.2 

45.7 

36 

431.7 

63.0 

95 

491.8 

80.8 

65 

560.8 

67.6 

16 

313.  S 

38.6 

76 

373.2 

46.8 

86 

432.7 

63.1 

96 

492.3 

60.5 

56 

551.8 

67.8 

17 

314.6 

38.6 

77 

374.2 

46.9 

37 

433.7 

53.3 

97 

493.3 

60.6 

67 

662.8 

67. « 

18 

316.6 

38.7 

78 

375.2 

46.1 

38 

434.7 

53.4 

98 

494.3 

flO.7 

58 

553.8 

68.0 

19 

316.6 

38.9 

70 

376.2 

46.2 

39 

436. 7 

53.6 

09 

495.3 

60.8 

59 

554.8 

68.1 

SO 

317.6 

39.0 

80 

377.2 

46.3 

40 

436.7 

68.6 

500 

496.8 

61,0 

60 

666.8 

68.3 

m- 

-siTT 

39.1 

■ssr 

-S78X 

46.4 

"MT 

137T 

■53T 

6or 

T97X 

■ser 

666.8 

"60" 

22 

319.6 

39.2 

82 

870.1 

46.6 

42 

488.7 

53.9 

02 

408.2 

6l!2 

62 

657.8 

68.6 

83 

320.6 

39.4 

S3 

380.1 

46.7 

43 

439.7 

64.0 

03 

400.2 

61.3 

63 

558.  S 

68.6 

24 

321.6 

39.6 

84 

381.1 

46.8 

44 

440.7 

54.1 

04 

500.2 

61.4 

64 

669.8 

68.7 

K 

322.6 

39.6 

86 

382.1 

46.9 

45 

441.7 

54.2 

06 

601.2 

61.6 

66 

560.8 

68.9 

36 

323.6 

30.7 

86 

383.1 

47.0 

46 

442.7 

M.8 

06 

602.2 

61.6 

66 

561.8 

60.0 

27 

324.6 

30.8 

87 

384.1 

47.2 

47 

443.7 

64.5 

07 

503.2 

61.8 

67 

662.8 

69.1 

28 

326.6 

40.0 

88 

386.1 

47.3 

48 

444.7 

54.6 

08 

504.2 

61.9 

68 

563.8 

69.2 

29 

326.6 

40.1 

80 

386.1 

47.4 

40 

446.6 

64.7 

09 

soe.2 

62.0 

60 

664.8 

60.3 

30 

327.6 

40.2 

90 

387.1 

47.6 

60 

446.6 

54.8 

10 

506.2 

62.1 

70 

666.8 

69.4 

BT 

328.6 

40.3 

■^r 

388.1 

47.6 

-m 

"440" 

65.0 

"m" 

"50772- 

62.8 

671 

566.7 

09.6 

32 

329.6 

40.  B 

92 

380.1 

47.8 

62 

448.8 

66.1 

12 

608.2 

62.4 

72 

567.7 

69.7 

33 

330.6 

40.6 

93 

300.1 

47.9 

63 

449.6 

55.2 

13 

509.2 

62.6 

73 

568.7 

69.8 

34 

331.6 

40.7 

94 

391.1 

48.0 

M 

460.6 

66.3 

14 

510.2 

62.6 

74 

560.7 

60.9 

35 

332.6 

40.8 

96 

392.0 

48.1 

56 

461.6 

55.4 

15 

511.1 

82.7 

76 

570.7 

70.1 

36 

333.5 

40.9 

96 

393.0 

48.3 

66 

462.6 

55.6 

16 

512. 1 

62.9 

76 

571.7 

70.2 

37 

334.6 

41.1 

07 

394.0 

48.4 

67 

453.6 

66.7 

17 

6iai 

63.0 

77 

572.7 

70.8 

38 

336.6 

41.2 

98 

396.0 

48.6 

68 

454.6 

65.8 

18 

614.1 

63.1 

78 

673.7 

70.4 

39 

336.6 

41.3 

09 

396.0 

48.6 

59 

466.6 

56.0 

19 

516.1 

6S.8 

TO 

674.7 

70.6 

40 

337.6 

41.4 

400 

397.0 

48.7 

60 

456.8 

56.1 

20 

516.1 

63.4 

80 

575.7 

70.7 

nr 

338.4 

41.6 

401 

398.0 

48.0 

«r 

467.6 

56.2 

52r 

517.1 

63.6 

MT 

676.7 

"TO" 

42 

330.4 

41.7 

02 

399.0 

49.0 

62 

468.6 

66.3 

22 

618.1 

82 

577.6 

70.9 

43 

340.4 

41.8 

03 

400.0 

49.1 

63 

469.6 

56.4 

23 

619.1 

63I7 

83 

578.6 

71.0 

44 

341.4 

41.9 

04 

401.0 

40.2 

M 

460.6 

66.6 

24 

620.1 

63.8 

84 

670.6 

71.2 

46 

342.4 

42.0 

06 

402.0 

49.4 

66 

461.5 

56.7 

25 

521.1 

64.0 

86 

6e0;6 

71.3 

46 

343.4 

42.2 

06 

403.0 

49.5 

66 

462.6 

56.8 

26 

622.1 

64.1 

86 

681.6 

71.4 

47 

344.4 

42.8 

07 

404.0 

49.6 

67 

463.6 

66.0 

27 

623.1 

64.2 

87 

682.6 

T1.6 

48 

346.4 

42.4 

08 

406.0 

40.7 

68 

464.5 

57.0 

624.1 

64.3 

88 

68S.6 

T1.6 

4fl 

346.4 

42.6 

00 

406.9 

49.8 

69 

466.6 

57.2 

20 

525.0 

64.5 

SO 

584.6 

71.8 

60 

347.4 

42.6 

10 

406.0 

60.0 

70 

466.6 

67.8 

30 

626.0 

64.6 

90 

5B5.6 

71.9 

35r 

348.4 

42.8 

"4Tr 

407.0 

"60X 

"in" 

467.6 

57.4 

631 

627.0 

64.7 

■fioT 

"mO" 

72.0" 

62 

349.4 

42.9 

12 

408.9 

50.2 

72 

468.5 

67.5 

528.0 

64.8 

92 

587.6 

72.1 

63 

360.4 

43.0 

13 

409.0 

60.8 

73 

469.6 

67.6 

33 

629.0 

64.9 

93 

588.6 

72.2 

64 

361.4 

43.1 

14 

410.8 

60.4 

74 

470.5 

57.8 

34 

630.0 

66.1 

94 

72.4 

56 

362.3 

43.3 

15 

411.0 

60.6 

76 

471.6 

57.0 

35 

631.0 

65.2 

95 

500!  6 

72.6 

66 

368.  S 

43.4 

16 

412.9 

50.7 

76 

472.4 

68.0 

36 

532.0 

66.8 

96 

591.6 

72.6 

67 

364.3 

43.6 

L7 

413.0 

50.8 

77 

478.4 

58.1 

37 

533.0 

65.4 

07 

692.6 

72.7 

68 

366.3 

43.6 

16 

414.9 

60.9 

78 

474.4 

68.2 

88 

534.0 

65.6 

98 

593.5 

T2.9 

60 

aM.& 

43.7 

19 

416.0 

51.1 

79 

475.4 

68.4 

39 

536.0 

66.7 

90 

594.5 

73.0 

M 

»7.3 

43.9 

20 

416.9 

61.2 

80 

476.4 

68.6 

40 

536.0 

65.8 

600 

695.6 

73.1 

W 

Dep. 

Lkt. 

Di«. 
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D^ 

Lkt. 
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TABLE  2. 

Difterence  ol  lAtitode  and  Departure  for  8°  (172°,  188°,  362" 

. 

DM. 

Lftt 

Dap. 

DIM. 

Lkt. 

Dep. 

DM. 

L.t         D.1^ 

Din. 

L*l. 

Dep. 

DIM. 

LaL 

D^ 

1 

1.0 

0.1 

61 

60.4 

8.5 

121 

119.8 

16.8 

181 

179.2 

25.2 

241 

238,7 

33.6 

2 

2.0 

0.3 

62 

61.4 

8.6 

22 

120.8 

17.0 

82 

180.2 

26.8 

42 

239.6 

33.7 

3 

3.0 

0.4 

63 

62.4 

8.8 

23 

121.8 

17.1 

83 

181.2 

25.6 

43 

240.6 

33.8 

4 

4.0 

0.6 

64 

63.4 

8.9 

24 

122.8 

17.8 

84 

182.2 

25.6 

44 

241.6 

34.0 

6 

6.0 

0.7 

66 

64.4 

9.0 

25 

123.8 

17.4 

86 

183.2 

26.7 

45 

242.6 

34.1 

6 

6.9 

0.8 

66 

65.4 

9.2 

26 

124.8 

17.5 

86 

184.2 

26.9 

46 

243.6 

34.2 

7 

6.9 

1.0 

67 

66.3 

9.3 

27 

125.8 

17.7 

87 

186.2 

28.0 

47 

244.6 

34.4 

8 

7.9 

1.1 

68 

67.3 

9.5 

28 

126.8 

17.8 

88 

188.2 

26.2 

48 

246.6 

34.6 

9 

8.9 

1.3 

69 

68.3 

9.6 

29 

127.7 

18.0 

89 

187. 2 

26.8 

49 

246.6 

34.7 

10 

9.9 

1.4 

70 

69.3 

9.7 

SO 

128.7 

8.1 

90 

188.2 

28.4 

60 

247.6 

34.8 

TT 

■~1*.9 

1.6 

~n 

70.3 

9.9 

TST 

129.7 

"8:2" 

i9r 

TWX 

28.6 

IST 

248.6 

34.9 

12 

11.9 

1.7 

72 

71.3 

10.0 

32 

130.7 

8.4 

92 

190.1 

26.7 

62 

249.6 

35.1 

13 

12.9 

1.8 

73 

72.3 

10.2 

33 

131.7 

16.5 

93 

191.1 

26.9 

63 

250.6 

35.2 

14 

18.9 

1.9 

74 

73.3 

10.3 

34 

132.7 

18.6 

94 

192.1 

27.0 

54 

261.6 

35.8 

IB 

14.9 

2.1 

76 

74.8 

10.4 

36 

133.7 

18.8 

05 

198.1 

27.1 

66 

252.6 

35.  S 

16 

15.8 

2.2 

76 

76.3 

10.6 

36 

134.7 

18.9 

96 

194.1 

27.8 

56 

263.6 

36.6 

17 

16.8 

2.4 

77 

76.3 

10.7 

37 

136.7 

19.1 

97 

196.1 

27.4 

67 

254.6 

35.8 

18 

17.8 

2.5 

78 

77.2 

10.9 

38 

136.7 

19.2 

08 

196.1 

27.6 

68 

2S6.6 

36.9 

19 

18.8 

2.6 

79 

78.2 

11.0 

39 

137.7 

19.8 

99 

197.1 

27.7 

59 

2S6.6 

36.0 

20 

19.8 

2.8 

80 

79.2 

11.1 

40 

138.6 

19.6 

200 

198.1 

27.8 

60 

267.6 

36.2 

TT 

20.8 

2.9 

-gr 

-gar 

TO- 

TS" 

139.6 

TO" 

■sor 

Twro" 

■Wo 

■26r 

^8X 

■SO- 

22 

21.8 

8.1 

82 

81.2 

IL  4 

42 

140.6 

19.8 

02 

200.0 

28.1 

62 

259.6 

36.6 

23 

22.8 

3.2 

S3 

82.2 

11.6 

43 

141.6 

19. « 

03 

201.0 

28.8 

63 

260.4 

36.6 

34 

23.8 

3.3 

S4 

83.2 

11.7 

44 

142.6 

20.0 

04 

202.0 

28.4 

64 

261.4 

36.7 

26 

24.8 

8.6 

86 

84.2 

11.8 

46 

143.6 

20.2 

05 

203.0 

28.6 

66 

282.4 

36.9 

SO 

26.7 

3.6 

86 

86.2 

12.0 

46 

144.6 

20.3 

06 

204.0 

28.7 

66 

263.4 

37.0 

27 

26.7 

3.8 

87 

86.2 

12.1 

47 

145.6 

20.6 

07 

205.0 

28.8 

67 

264.4 

37.2 

28 

27.7 

3.9 

88 

87.1 

12.2 

48 

146.6 

20.6 

08 

206.0 

28.9 

68 

286.4 

37.8 

29 

28.7 

4.0 

89 

88.1 

12.4 

49 

147.5 

20.7 

09 

207:0 

29.1 

69 

286.4 

37.4 

80 

29.7 

4.2 

90 

89.1 

12.6 

60 

14S.5 

20.9 

10 

208.0 

29.2 

70 

287.4 

37.6 

~ar 

30.7 

4.3 

-w 

-ooX 

12.7 

161 

149.5 

21.6 

211 

208.9 

29.4 

"27r 

288.4 

37.7 

32 

31. 7 

4.6 

92 

91.1 

12.8 

62 

160.6 

21.2 

12 

209.9 

29.5 

72 

289.4 

37. 9 

33 

32. 7 

4.6 

93 

92.1 

12.9 

63 

151.5 

21.3 

13 

210.9 

29.6 

73 

270.8 

38.0 

34 

83.7 

4.7 

94 

93.1 

13.1 

54 

152.5 

21.4 

14 

211.9 

29.8 

74 

271.3 

38.1 

S6 

34. 7 

4.9 

96 

04.1 

13.2 

65 

153.6 

21.6 

16 

212.9 

29.9 

75 

272.8 

38.S 

86 

86.6 

6.0 

96 

96.1 

13.4 

66 

154.6 

21.7 

16 

218.9 

30.1 

76 

273.  S 

38.4 

87 

36.6 

6.1 

97 

96.1 

13.6 

57 

155.6 

21.9 

17 

214.9 

30.2 

77 

274.3 

J8.6 

38 

37.6 

6.3 

96 

07.0 

18.6 

68 

166.6 

22.0 

18 

216.9 

30.3 

78 

275.3 

38.7 

89 

88.  S 

6.4 

99 

98.0 

13.8 

59 

157.6 

22.1 

10 

216.9 

30.8 

79 

27a  3 

38.8 

40 

39.6 

6.6 

100 

09.0 

13.9 

60 

168.4 

22.3 

20 

217.9 

30.6 

80 

277.3 

39.0 

"«" 

-ssre" 

6.7 

Tor 

100.0 

14.1 

161 

169.4 

22.4 

■22r 

218.8 

30.8 

MT 

278.3 

39.1 

42 

41.6 

6.B 

02 

101.0 

14.2 

62 

160.4 

22.6 

22 

219.8 

30.9 

82 

279.3 

39.2 

43 

42.6 

6.0 

03 

102.0 

14.3 

63 

161.4 

22.7 

23 

220.8 

31,0 

83 

280.2 

39.4 

44 

43.6 

6.1 

04 

103.0 

14.5 

64 

162.4 

22.8 

24 

221.8 

31.2 

84 

281.2 

89.6 

46 

44.6 

6.8 

05 

104.0 

14.  S 

65 

163.4 

23.0 

26 

222.8 

31.3 

86 

282.2 

39.7 

46 

46.6 

6.4 

06 

106.0 

14.8 

66 

164.4 

23.1 

26 

223.6 

31.5 

86 

2B3.2 

39.8 

47 

46,6 

6.6 

07 

106.0 

14.9 

67 

165.4 

23.2 

27 

224.8 

31.6 

87 

284.2 

39.9 

48 

47.6 

6.7 

08 

106.9 

16.0 

168.4 

23.4 

28 

225.8 

31.7 

88 

286.2 

40.1 

49 

48.6 

6.8 

09 

107.9 

16.2 

69 

167.4 

23.6 

20 

226.8 

31.9 

286.2 

40.2 

60 

49.6 

7.0 

10 

108.9 

15.3 

70 

168.3 

23.7 

30 

227.8 

32.0 

90 

287.2 

40.4 

"sr 

60.6 

7.1 

111 

109.9 

16.4 

169.3 

"k:t 

IsT 

228.8 

-^T 

m- 

288.2 

-ffirr 

62 

61.6 

7.2 

12 

110.9 

16.6 

72 

170.3 

23.9 

229.7 

32.3 

92 

289.2 

40.6 

63 

62.6 

7.4 

13 

111.9 

15.7 

73 

171.3 

24.1 

33 

230.7 

32.4 

93 

290.1 

40.8 

64 

7.6 

14 

112.9 

16.9 

74 

172.8 

24.2 

34 

231.7 

32.6 

94 

291.1 

40.9 

66 

64.6 

7.7 

15 

113.9 

16.0 

76 

173.3 

24.4 

36 

232.7 

32.7 

96 

292.1 

41.1 

66 

66.6 

7.8 

16 

114.9 

16.1 

76 

174.3 

24.5 

36 

233.7 

32.8 

96 

293.1 

41.2 

67 

66.4 

7.9 

17 

116.9 

16.3 

77 

175.3 

24.6 

37 

234.7 

33.0 

97 

294.1 

41.8 

68 

67.4 

8.1 

18 

lie.  9 

16.4 

78 

176.3 

24.8 

38 

235.7 

33.1 

08 

295.1 

41.6 

69 

68.4 

8.2 

19 

117.8 

16.6 

79 

177.3 

24.9 

39 

236.7 

33,3 

99 

296.1 

41.6 

60 

69.4 

8.4 

20 

118.8 

16.7 

80 

178.2 

26.1 

40 

237.7 

33.4 

800 

297.1 

41.8 

DIM. 

»op. 

IM. 

tHM. 

Dep. 

Lat. 

DIK. 

Dep. 

lAt. 

IM«. 

D.p. 

L^ 
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Dep. 

lAt. 

MM 
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TABLE  2. 

[P««e647    ] 

). 

DIK. 

Ut 

Bop. 

Dirt. 

L.L 

Dep- 

Dirt. 

Ut. 

Dep. 

Dirt. 

UX. 

Dep. 

Dirt. 

LM. 

D<v. 

301 

298.0 

41.9 

361 

357.6 

50.2 

421 

416.9 

68.6 

481 

476.3 

66.9 

641 

635.7 

76f2 

02 

299.0 

42.0 

62 

368.6 

60.4 

22 

417.9 

68.7 

82 

477.3 

67 

1 

42 

636.7 

76.4 

03 

300.0 

42.2 

63 

359.4 

50.6 

23 

418.9 

68.9 

83 

478.3 

67 

2 

43 

637.7 

76.6 

04 

801.0 

42.3 

64 

360.4 

50.7 

24 

419.8 

69.0 

M 

479.3 

67 

4 

44 

538.7 

76.7 

OS 

302.0 

42.6 

66 

361.4 

50.8 

25 

420.8 

69.2 

86 

480.3 

67 

6 

45 

539.7 

75.8 

06 

303.0 

42.6 

66 

362.4 

60.9 

26 

421.8 

69.3 

86 

481.2 

67 

6 

46 

640.6 

76.9 

07 

304.0 

42.7 

67 

363.4 

51.1 

27 

422.8 

59.4 

87 

482.2 

67 

6 

47 

541.6 

76.1 

oe 

306.0 

42.0 

68 

364.4 

61.2 

28 

423.8 

69.6 

88 

483.2 

67 

9 

46 

542.6 

76.2 

09 

300.0 

43.0 

69 

366.4 

61.4 

29 

424.8 

69.7 

89 

484.2 

68 

1 

49 

643.6 

76.4 

10 

307.0 

43.1 

70 

366.4 

51.5 

30 

426.8 

69.8 

90 

4S5.2 

68 

2 

60 

644.6 

76.6 

m 

■mrr 

-«T 

STT 

367.4 

51.6 

431 

428.8 

60.0 

491 

486.2 

68 

3 

■ssr 

546.6 

"TTiT 

12 

308.9 

43.4 

72 

368.4 

51.8 

32 

427.8 

60.1 

92 

,487.2 

68.6 

62 

546.6 

76.8 

13 

800.9 

43.6 

73 

369.3 

51.9 

83 

428.8 

60.3 

93 

488.2 

68.6 

53 

547.6 

76.9 

14 

310.9 

43.7 

74 

87a3 

82.1 

34 

429.6 

60.4 

94 

489.2 

68.8 

64 

548.6 

77.1 

15 

311.9 

43.8 

75 

871.3 

62.2 

35 

430.7 

60.6 

96 

490.2 

68.9 

65 

549.6 

77.2 

IS 

812.9 

44.0 

76 

372.  S 

62.3 

38 

431.7 

60.7 

96 

491.2 

69.0 

66 

560.6 

77.4 

17 

313. 9 

44.1 

77 

373.3 

62.5 

87 

432.7 

60.8 

97 

492.1 

69.2 

67 

551.6 

77.6 

18 

814.9 

44.3 

78 

374.3 

62.6 

38 

433.7 

61.0 

08 

493.1 

69.3 

68 

562.6 

77.6 

19 

315. 9 

44.4 

79 

376.3 

62.7 

39 

434.7 

61.1 

99 

494.1 

69.5 

563.6 

77.8 

20 

316.0 

44.5 

80 

376.3 

62.9 

40 

4SS.7 

61.2 

500 

495.1 

60 

554.6 

77.9 

m 

317.9 

44.7 

■ssr 

377.3 

63.0 

441 

436.7 

61.4 

6or 

496.1 

69.7 

■Ber 

656.5 

78.1 

K 

318.8 

44.8 

378.3 

63.2 

42 

437.7 

61.6 

02 

497.1 

68.9 

62 

566.6 

7^2 

23 

319.8 

45.0 

S3 

379.2 

63.8 

43 

438.7 

61.7 

03 

498.1 

70.0 

63 

557.6 

78.8 

24 

320.8 

46.1 

84 

380.2 

63.4 

44 

439.7 

61.8 

04 

409.1 

70,2 

64 

658.5 

78.6 

25 

321.8 

45.2 

66 

381.2 

63.6 

45 

440.6 

61.9 

05 

500.1 

70.3 

66 

569.6 

78.6 

» 

322.8 

46.4 

86 

382.2 

53.7 

46 

441.6 

62.1 

06 

501.0 

70.4 

66 

660.6 

78.8 

27 

323.8 

45.6 

87 

383.2 

53.9 

47 

442.6 

62.2 

07 

502.0 

70.6 

67 

661.6 

78.9 

28 

S24.8 

45.7 

88 

384.2 

54.0 

48 

443.6 

08 

503.0 

70.7 

68 

662.5 

79.0 

29 

325. 8 

45.8 

89 

385.2 

54.1 

49 

444.6 

62.5 

09 

504.0 

70.8 

69 

663.5 

79.1 

3D 

326.8 

45.9 

90 

386.2 

54.3 

50 

445.6 

62.6 

10 

506.0 

70.9 

70 

664.5 

79.3 

"MT 

327.8 

46.1 

39r 

387.2 

54.4 

446.6 

62.8 

511 

506.0 

71.1 

"EtT 

666.4 

79.4 

32 

328.7 

46.2 

92 

388. 2 

54.6 

62 

447.6 

62.9 

12 

507.0 

71.2 

72 

666.4 

79.6 

33 

329.7 

46.3 

389.1 

54.7 

63 

448.6 

63.0 

18 

508.0 

71.4 

73 

667.4 

79.7 

34 

330.7 

46.5 

94 

380.1 

54.8 

64 

449.6 

63.2 

14 

609.0 

71.6 

74 

668.4 

79.8 

36 

331.7 

46.8 

96 

391.1 

66.0 

65 

450.6 

63.3 

15 

610.0 

71.8 

76 

669.4 

80.0 

SO 

332.7 

46.8 

96 

392.1 

55.1 

66 

451.5 

63.6 

16 

510.9 

71.8 

76 

670.4 

80.x 

37 

333.7 

46.9 

07 

393.1 

66.3 

67 

462.6 

63.6 

17 

611.9 

71.9 

77 

671.4 

80.2 

38 

334.7 

47.0 

98 

394.1 

66.4 

68 

453.6 

18 

512.9 

72.0 

78 

572.4 

80.4 

39 

336.7 

47.2 

99 

395.1 

66.5 

59 

454.6 

63.0 

19 

613.9 

72.2 

79 

673.4 

80.6 

40 

336.7 

47.8 

400 

396.1 

66.7 

60 

466.6 

64.0 

20 

614.9 

72.3 

80 

574.4 

80.6 

m- 

-mrr 

47.5 

lor 

307.1 

66.8 

"ier 

466.5 

64.2 

■52r 

616.9 

72.4 

MT 

575.4 

"SO" 

42 

338.6 

47.6 

02 

398.1 

66.0 

457.6 

64.3 

22 

516.9 

72.6 

82 

576.4 

80.9 

43 

339.6 

47.7 

03 

399.1 

56.1 

63 

468.6 

64.4 

23 

617.9 

72.8 

83 

577.4 

81.1 

44 

340.6 

47.9 

04 

400.0 

66.2 

64 

459.6 

64.6 

24 

518.9 

73.0 

84 

678.4 

81.8 

45 

341.6 

48.0 

06 

401.0 

56.4 

66 

460.4 

64.7 

25 

619.9 

73.1 

86 

679.4 

81.4 

46 

342.6 

48.2 

06 

402.0 

56.5 

66 

461.4 

64.9 

26 

620.9 

73.2 

86 

580.3 

81.6 

47 

343.6 

48.3 

07 

403.0 

56.6 

67 

462.4 

66.0 

27 

621.8 

73.4 

87 

681.3 

81.7 

48 

S44.6 

48.4 

08 

404.0 

66.8 

68 

463.4 

66.1 

28 

522.8 

73.6 

582.3 

81.8 

« 

346.6 

48.6 

09 

405.0 

56.9 

69 

4M.4 

65.8 

S9 

623.8 

73.7 

89 

683.3 

82.0 

60 

346.6 

48.7 

10 

406.0 

67.1 

70 

466.4 

66.4 

30 

73.8 

90 

684.3 

82.1 

asr 

347.6 

48.9 

411 

407.0 

'W2 

In" 

466.4 

66.6 

MT 

626!  8 

73.9 

■w 

586.3 

-^T- 

348.5 

49.0 

12 

408.0 

57.3 

72 

467.4 

65.7 

32 

526.8 

74.1 

92 

586.3 

82.4 

349.6 

49.1 

13 

409.0 

57.6 

73 

468.4 

66.8 

33 

527.8 

74.2 

587.3 

82.5 

M 

350.6 

49.3 

14 

409.9 

67.6 

74 

469.4 
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8.9 

17 

116.6 

18.3 
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TABLE  2. 

[P»geM9 

■ 

DIM. 

LU. 

Dtp, 

mn. 

L«t. 

Dep. 

DM. 

L>t. 

Dep. 

DM. 

L.t 

D«p. 

Din. 

lAt. 

D.P. 
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84.6 
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62 
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62 
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42 
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70.7 

67 

459.9 

81.1 

27 

619.0 

91.5 

87 

578.1 

101.1 

48 

342.7 

60.4 

08 

401.8 

70.9 

68 

460.9 

81.3 

28 

520,0 

91.7 

88 

679,1 

102.: 

49 

843.7 

60.6 

09 

402.8 

71.0 

69 

461.9 

81.6 

29 

521.0 

81.8 

89 

580.0 

102.; 

60 

344.7 

60.8 

10 

403.8 

7  .2 

70 

482.9 

81.6 

30 

621.9 

92.0 

90 

581.0 

102.. 

teT 

-345:7 

61.0 

4ir 

loirr 

7.4 

47r 

-mT 

81.8 

63r 

522.9 

94.2 

"EST 

682.0 

-wTi 

52 

346.7 

61.1 

12 

406.7 

7  .6 

72 

464.8 

82.0 

32 

523.9 

62.4 

683,0 

JO2.1 

53 

347.6 

61.3 

18 

406.7 

7  .7 

73 

465.8 

82.1 

524.0 

92.6 

93 

584.0 

102.! 

54 

S4S.6 

61.5 

14 

407.7 

71.9 

74 

466.8 

82.3 

34 

526.9 

92.7 

94 

685.0 

103.- 

66 

840.6 

61.7 

15 

408.7 

72.1 

75 

467.8 

82.6 

36 

626.9 

62.9 

96 

686.0 

103.! 

66 

seae 

61.8 

16 

409.7 

72.2 

76 

468.8 

82.7 

36 

627.0 

93.1 

96 

586.9 

103.1 

67 

851.6 

62.0 

17 

410.7 

72.4 

77 

469.8 

82.8 

87 

628.8 

93.2 

67 

667.6 

103.1 

68 

362.6 

62.2 

18 

411.7 

72.6 

78 

470.7 

83.0 

38 

629.8 

93.4 

98 

588.9 

103.1 

69 

353.6 

624 

19 

412.6 

72.8 

79 

471.7 

83.2 

38 

680.8 

93.6 

89 

589.9 

104.1 

60 

854.6 

62.5 

20 

413.6 

72.9 

80 

472.7 

83.4 

40 

631.8 

93.8 

600 

690.9 

104.: 

UttT 

Dop. 

Lat. 

DIM. 

D^. 

Lat. 

DIM. 

Dtp. 

UL 

Dirt. 

Dep. 

Lat. 

is: 

D«p. 

Ut 

80"  (100°,  260°,  280°). 
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Page  «W]                                        TABLE  2. 

DUIfmioe  of  lA^todo  tad  Departure  for  11"  (1»»,  lftl»,  S49"). 

Din-I    u,%. 

Dep. 

DM. 

Ltt. 

D^p. 

DM. 

Lat 

Dep. 

DM 

Lat. 

D«p. 

DM. 

tM. 

D^ 

1 
2 
8 
4 
6 

7 
8 
9 
0 

1.0 
2.0 
29 
3.9 
4.9 
6.9 
6.9 
7.9 
8.8 
9.8 

0.2 
0.4 
0.6 
0.8 
1.0 
1.1 
1.8 
1.6 
1.7 
1.9 

61 
62 
63 
64 
66 
66 
67 
68 
60 
70 

50.9 
60.9 
61.8 
62.8 
63.8 
64.8 
65.8 
66.8 
67.7 
68.7 

11.6 
11.8 
12.0 
12.2 
12.4 
12.6 
12.8 
13.0 
13.2 
13.4 

121 
22 
23 
24 
26 
26 
27 
28 
29 
30 

118.8 
119.8 
120.7 
121.7 
122.7 
123.7 
124.7 
126.6 
126.6 
127.8 

23.1 
23.3 
23.5 
28.7 
23.9 
24.0 
24.2 
24.4 
24.6 
24.8 

181 
82 
83 
84 
86 
88 
87 
88 
89 
90 

177.7 
178.7 
179.  S 
180.6 
181.6 
182.6 
183.6 
184.6 
186.5 
186.5 

34.5 
34.7 
34.9 
35.1 
36.3 
35.5 
35.7 
36.9 
36.1 
36.3 

241 

42 
43 
44 

45 
46 
47 
48 
49 
60 

236.6 
237.6 
238.6 
239.6 
240.6 
241.6 
242.5 
243.4 
244.4 
245.4 

46.0 

48.2 
46.4 
46.6 
46.7 
46.9 
47.1 
47.8 
47.5 
47.7 

2 
13 
14 
15 
16 
17 
18 
19 
20 

10.8 
11.8 
12.8 
13.7 
14.7 
16.7 
16.7 
17.7 
18.7 
19.6 

2.1 
2.3 
2.6 
2.7 
2.9 
3.1 
3.2 
3.4 
3.6 
3.8 

71 
72 
73 
74 
76 
76 
77 
78 
79 
SO 

m.i 

70.7 
71.7 
72.6 
73.6 
74.6 
75.6 
76.6 
77.6 
78.6 

13.6 
13.7 
13.9 
14.1 
14.8 
14.6 
14.7 
14.9 
15.1 
15.8 

131 
32 
83 
34 
35 
36 
87 
38 
89 
40 

128.6 
129.6 
130.6 
131.6 
132.5 
133.5 
134.6 
135.6 
136.4 
137.4 

25.0 
26.2 
26.4 
26.6 
25.8 
26.0 
26.1 
26.3 
26.5 
28.7 

191 
92 
93 
94 

15 

97 
98 

99 
200 

188.5 
189.6 
190.4 
191.4 
192.4 
193.4 
194.4 
106.3 
196.3 

36.4 
36.6 
86.8 
37.0 
87. 2 
37.4 
37.6 
37.8 
38.0 
38.2 

261 
52 
63 
64 
56 
66 
57 
58 
69 
60 

i!46.4 
247.4 
248.4 
249.3 
2S0.8 
261.8 
252.3 
2S8.8 
264.J 
266.  S 

ii.i 

48.1 
48.8 
48.S 
48.7 
48.8 
49.0 
49.3 
«.4 
W.6 

21 
22 
23 
24 
2S 
26 
27 
28 
29 
SO 

21.6 
22.6 
23.6 
24.6 
26.6 
26.6 
27.6 
28.6 
29.4 

4.0 
4.2 

4.4 
4.6 
4.8 
6.0 
6.2 
5.8 
6.6 
6.7 

81 
82 
83 
84 
86 
80 
87 
88 
89 
90 

70.5 
80.6 
81.6 
82.5 
83.4 
84.4 
86.4 
86.4 
87.4 
88.8 

16.6 
15.6 
15.8 
16.0 
16.2 
16.4 
16.6 
16.8 
17.0 
17.2 

141 
42 
43 
44 
46 
40 
47 
48 
49 
60 

138.4 
139.4 
140.4 
141  1. 
142.3 
143.3 
144.3 
145.3 
146.3 
147.2 

26.9 
27.1 
27.8 
27.6 
27.7 
27.9 
28.0 
28.2 
28.4 
28.6 

301 

? 

04 
05 
06 
07 
08 
09 
10 

19?.  3 
198.3 
199.3 
200.3 
201.2 
202.2 
203.2 
204.2 
206.2 
206.1 

ae.4 

S8.6 
38.7 
38.9 
39.1 
39.3 
39.6 
89.7 
39.9 
40.x 

261 
62 
63 
64 
66 
66 
67 
68 
69 
70 

26*.  2 
267.2 
268.2 
280.1 
260.1 
261.1 
262.1 
263.1 
264.1 
266.0 

46.8 
60.0 
50.2 
50.4 
60.6 
50.8 
60.9 
51.1 
51.8 
61.6 

32 
33 
84 
86 
36 
87 
88 
89 
40 

31.4 
32.4 
33.4 
34.4 
36.3 
86.3 
37.3 
88.3 
89.3 

6.1 
6.3 
6.6 
6.7 
6.9 
7.1 
7.3 
7.4 
7.6 

91 
92 
93 
94 
96 
90 
97 
98 
99 
100 

69.3 
90.3 
91.3 
92.3 
93.3 
94.2 
96.2 
96.2 
97.2 
98.2 

17.6 
17.7 
17.9 
18.1 
18.3 
18.6 
18.7 
18.9 
19.x 

151 
62 
58 
54 
66 
56 
67 
68 
69 
60 

148.2 
149.2 
160.2 
161.2 
162.2 
153.1 
164.1 
165.1 
166.x 
157.1 

28.8 
29.0 
29.  S 
29.4 
29.0 
29.8 
80.0 
30.1 
30.3 
80.6 

12 
13 
14 
16 
16 
17 
18 
19 
20 

208.1 
200.1 
210.1 
211.0 
212.0 
213.0 
214.0 
215.0 
216.0 

40.6 
40.6 
40.8 
41.0 
41.2 
41.4 
41.6 
41.8 
42.0 

72 
73 
74 
76 
76 
77 
78 
79 
80 

2*6.6 
267.0 
268.0 
269.0 
269.0 
270.9 
271.9 
272.9 
273.9 
274.9 

61.7 
61.9 
52.1 
62.3 
52.5 
52.7 
52.9 
63.0 
S3. 3 
53.4 

41 
42 
43 
44 

45 
46 
47 
46 
49 
60 

41.2 
42.2 
43.2 
44.2 
46.2 
46.1 
47.1 
48.1 
49.1 

7.8 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 
9.2 
9.3 

g.s 

02 
03 
04 
06 
06 
07 
08 
09 
10 

99.1 
100.1 
101.1 
102.1 
103.1 
104.1 
106.0 
106.0 
107.0 
108.0 

19.6 
19.7 
19.8 
20.0 
20.2 
20.4 
20.6 
20.8 
21.0 

62 
63 
64 
65 
66 
67 
68 
69 
70 

169.0 
160.0 
161,0 
162. 0 
163.0 
163.0 
164.9 
166.9 
166.9 

30.9 
31.1 
31.3 
31.6 
31.7 
81.9 
32.1 
32.2 
82.4 

221 
22 
23 
24 
26 
26 
27 
28 
29 
30 

217.9 
218.9 
219.9 
220.9 
221. 8 
222.8 
228.8 
224.8 
225.8 

42.4 
42.6 
42.7 
42.9 
43.1 
43.8 
43.6 
43.7 
43.9 

82 
83 
84 
86 
86 
87 
88 
89 
90 

27S.S 
276.8 
«77.8 
278.8 
279.8 
280.7 
281.7 
282.7 
283.7 
284.7 

63.6 
63.8 
64.0 
64.2 
64.4 
54.6 
64.8 
55.0 
55.1 
66.3 

S2 
63 
64 
5S 
66 
67 
58 
69 
60 

61.0 
62.0 
63.0 
64.0 
66.0 
66.0 
66.9 
67.9 
68.9 

9.9 
10.1 
10.3 
10.5 
10.7 
10.9 
11.1 
11.3 
11.4 

12 
13 
14 

16 
16 
17 
18 
19 
20 

100.0 
109.9 
110.9 

in.  9 

112.9 
113.9 
114. 9 
115.8 
116.8 
117.8 

Si.  4 
21.4 
21.6 
21.8 
21.9 
22.1 
22.8 
22.6 
22.7 
22.9 

m 

72 
73 
74 
76 
76 
77 
78 
79 
80 

168.8 
169.8 
170.8 
171.8 
172.8 
173.7 
174  7 
175.7 
176.7 

32.8 
33.0 
33.2 
33.4 
33.6 
33.8 
34.0 
34.2 
34.3 

32 
S3 
34 
36 
36 
37 
38 
89 
40 

227.7 
228.7 
229.7 
23a7 
231.7 
232.6 
233.6 
234.6 
236.6 

44.1 
44.8 
44.6 
44.6 
44.8 
45.0 
45.2 
46.4 
46.6 
46.8 

92 
93 
94 
96 
96 
97 
96 
99 
300 

2866 
287.6 
288.6 
289.6 
290.6 
291.6 
292.6 
203.6 
294.5 

66.5 
65.7 
66.9 
66.1 
66.3 
66.6 
66.7 
56.9 
57.1 
67.2 

DM. 

IMp. 

U.t. 

DM. 

DiK. 

UL 

DM. 

Dtp. 

L>i 

DM. 

Dtp. 

Ut 

DM. 

D«p. 

Ut 

79°  (101",  259",  281").                                                                1 
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TABLE  2.                                        [PlW«  65S 

Difiennce  of  Utitnd«  tuid  DepMrtora  lor  lio  (168°,  191o,  MB^). 

IHlt. 

L>t. 

Dep. 

MK. 

L*L 

Dep. 

DW. 

UU 

Dep. 

Dirt. 

U. 

D«p. 

DfaL 

iMi. 

Dep. 

301 

02 
03 

04 

oe 

OS 
07 
08 
00 
10 

296.4 
206.4 
207.4 
298.4 
200.4 
300.3 
301.3 
302.3 
303.  S 
304.3 

67.4 
67.6 
67.8 
68.0 
58.2 
68.4 
58.6 
58.8 
69.0 
59.2 

361 
62 
63 
64 
65 
66 
B7 
68 
69 
70 

354.S 
366.3 
356.3 
357.3 
368.3 
360.2 
360.2 
361.2 
362.2 
363.2 

68.9 
69.1 
69.3 
69.5 
09.6 
69.8 
70.0 
70.2 
70.4 
70.6 

421 
22 

24 
26 
26 
27 
28 
29 
30 

413.2 
414.2 
415.2 
416.2 
417.2 
418.1 
419.1 
420.1 
421.1 
422.1 

80.3 
80.6 
80.7 
8a9 
81.1 
81.3 
81.6 
81.7 
81.8 
82.1 

481 

82 
83 
84 
86 
86 
87 
88 
89 
90 

472.1 
473.1 
474.1 
476.1 
476.1 
477.0 
478.0 
479.0 
480.0 
481.0 

91.8 
82.0 
82.2 
92.4 
82.6 
82.8 
93.0 
83.2 
83.3 
93.5 

641 
42 
43 

44 
45 
46 

47 
48 
49 
50 

631.0 
532.0 
633.0 
534.0 
535.0 
635.9 
536.9 
537.9 
538.9 
539.9 

103.2 
103.4 
103.6 
103.8 
104.0 
104.2 
104.4 
104.6 
104.8 
105.0 

12 
13 
14 
15 
16 
17 
18 
10 
20 

306.2 
307.2 
308.2 
309.2 
310.2 
311.1 
312.1 
313.1 
314.1 

59.3 
69.6 
59.7 
50.9 
60.1 
60.3 
60.  S 
60.7 
60.9 
61.1 

73 
74 
76 
76 
77 
78 
79 
80 

364.1 
365.1 
366.1 
367.1 
368.1 
369.1 
370.0 
371.0 
372.0 
373.0 

71.0 
71.2 

71.4 
71.6 
71.7 
71.9 
72.1 
72.3 
72.5 

32 

34 
36 
36 
37 
38 
39 
40 

424.0 
428.0 
426.0 
427.0 
428.0 
428.9 
420.9 
430.9 
431.9 

82.4 
82.6 
82.8 
83.0 
83.2 
83.4 
83.6 
83.8 
84.0 

92 

94 
06 

96 
97 
98 
99 
BOO 

482.8 
483.9 
484.9 
486.8 
486.9 
487.8 
488.8 
489.8 
490.8 

83.8 
94.0 
94.2 
94.4 
94.6 
94.8 
96.0 
96.2 
86.4 

62 

64 
65 
66 
57 
58 
69 
80 

640.8 
541.8 
642.8 
643.8 
544.8 
646.8 
646.7 
547.7 
648.7 
648.7 

106.3 
106.5 
106.7 
105.9 
106.1 
106.3 
106.5 
10S.7 
106.9 

321 

22 
23 
21 
2S 

26 
27 
28 
20 
30 

315.1 
318.1 
317.0 
318.0 
319.0 
320.0 
321.0 
321.9 
322.9 
323.0 

61.3 
61.4 
61.8 
61.8 
62.0 
62.2 
62.4 
02.8 
62.8 
63.0 

381 
82 
83 
84 
86 
86 
87 
88 

1 

374.0 
374.9 
376.9 
376.9 
377.9 
378.9 
379.9 
380.8 
381.8 
382.8 

72.7 
72.9 
73.1 
73.3 
73.6 
73.7 
73.8 
74.0 
74.2 
74.4 

441 
42 
43 
44 
46 
46 
47 
48 
49 
60 

432.9 
433.8 
434.8 
436.8 
436.8 
437.8 
438.8 
439.7 
440.7 
441.7 

84.1 
84.3 
84.6 
84.7 
84.9 
86.1 
86.3 
86.6 
86.7 
86.9 

601 
02 
03 
04 
05 
08 
07 
08 
00 
10 

491.8 
492.7 
493.7 
494.7 
495.7 
496.7 
497.7 
498.6 
499.6 
600.6 

96.6 
85.8 
88.0 
06.2 
86.4 
86.6 
96.8 
87.0 
97.2 
87.3 

561 
62 
63 
64 
05 
66 
67 
68 
68 
70 

661.6 
662.6 
553.6 
664.6 
555.6 
556.6 
657.6 
558.6 
558.5 

107.2 
107.4 
107.6 
107.8 
106.0 
106.2 
108.4 
108.6 
108.6 

331- 
32 
33 
34 
35 
36 
37 
38 
39 
40 

3M.9 
325.9 
328.8 
327.8 
328.8 
329.8 
330.8 
331.8 
332.7 
333.7 

63.2 
63.4 
63.6 
63.7 
63.9 
64.1 
64.3 
64.5 
64.7 
84.9 

93 
94 

95 
96 
97 
98 
90 
400 

383.8 
384.8 
385.7 
386.7 
387.7 
388.7 
389.7 
390.7 
391.3 
392.6 

74.8 
76.0 
76.2 
76.4 
76.6 
75.8 
76.9 
76.1 
78.3 

461 
62 
63 
54 
55 
66 
57 
68 
69 
60 

442.7 
443.7 
444.6 
446.6 
446.6 
447.6 
448.6 
449.6 
450.6 
451.5 

86.1 
86.2 
88.4 
86.6 
86.8 
87.0 
87.2 
87.4 
87.6 
87.8 

Ml 
12 
13 
14 
16 
16 
17 
18 
19 
20 

501.6 
602.6 
603.5 
504.5 
606.6 
60S.  6 
507.6 
6(«.6 
600.4 
610.4 

97.6 
97.6 
97.8 
98.0 
98.2 
98.4 
98.8 
98.8 
99.0 
99.2 

72 
7S 
74 
76 
76 
77 
78 
79 
80 

561.6 
662.6 
663.6 
664.5 
666.4 
668.4 
567.4 
668.3 
669.3 

109.1 
109.  S 
109.6 
109.7 
109.9 
110.1 
110.3 
110.5 
110.7 

42 
43 
44 

45 
46 
47 
4S 
40 
SO 

334.7 
336.7 
336.7 
337.6 
338.6 
339.6 
340.6 
341.6 
342.6 
343.5 

65.1 
65.3 
65.6 
65.6 
66.8 
66.0 
66.2 
66.4 
66.6 
66.8 

401 
02 
03 

04 
06 
06 
07 
08 
00 
10 

393.0 
394.6 
395.6 
396.5 
397.6 
398.5 
399.6 
400.5 
401.5 
402.4 

76.6 
76.7 

76.9 
77.1 
77.3 
77.5 
77.7 
77.9 
78.1 
78.2 

461 

63 
64 
65 
68 
67 
68 
69 
70 

452.5 
463.6 
464.5 
455.4 
46B.4 
457.4 
468.4 
459.4 
460.4 
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71.1 
71.3 
71.6 
71.7 
71.9 
72.1 
72.3 
72.6 
72.7 

4U1 
02 
03 
04 
06 
06 
07 

m 

09 
10 

393.2 
394.2 
396.2 
396.2 
397.1 
398.1 
399.1 
400.1 
401.0 

83.4 
83.6 
83.8 
84.0 
84.2 
84.4 
84.6 
84.8 
86.0 
86.2 

62 
63 
64 
66 
66 
67 
68 
69 
70 

460.9 
451.9 
462.9 
453.9 
464.8 
466.8 
456.8 
457.8 
468.8 
469.7 

96.0 
96.2 
96.6 
96.7 
96.9 
97.1 
97.3 
97.6 
97.7 

22 
23 
24 
25 
26 
27 
28 
29 
SO 

600.6 
610.6 
611.6 
612.6 
513.5 
614.6 
616.6 
516.6 
617.6 
518.4 

108.3 
108.6 
108.7 
108.9 
109.2 
109.4 
109,6 
109.8 
110,0 
110.2 

681 
82 

84 
85 
86 
87 
88 
89 
90 

569.3 
670.3 
571.2 
572.2 
673.2 
674.2 
575.2 
676.2 
677.1 

120.8 
121.0 
121.2 
121.4 
121.6 
121.8 
122.0 
122.2 
122.4 
122.6 

tei 

62 
S3 
M 
55 
56 
57 
S8 
SO 
00 

343.3 
344.3 
346.3 
346.3 
347.2 
348,2 
349.2 
360.2 
351.2 
362.1 

73.6 

73.2 
73.4 
73.6 
73.8 
74.0 
74.2 
74.4 
74.6 
74.  B 

411 
12 
13 
14 
16 
16 
17 
18 
19 
20 

402.0 

4oao 

404.0 
406.0 
406.9 
406.9 
407.9 
408.9 
409.8 
4y).8 

86.4 
86.6 
86.8 
86.1 
86.3 
86.5 
86.7 
86.9 
87.1 
87.3 

471 
72 
73 
74 
76 
76 
77 
78 
79 
80 

480.7 
461.7 
462.7 
463.6 
464.6 
466.6 
466.6 
467.6 
468.5 
469.5 

07.9 
98.1 
98.3 
98.5 
98.7 
98.9 
99.1 
99.4 
99.6 
09.8 

631 
32 
33 
34 
36 
36 
37 
38 
39 
40 

519.4 
620.4 
521.3 
522.3 
623.3 
624.3 
626.3 
526.2 
627.2 
628.2 

no.  4 
110.6 
110.8 
111.0 
111.2 
111.4 
111.6 
111.8 
112.0 
112,3 

591 
92 
93 
94 
95 
96 
97 
98 
99 

600 

578.1 
579.1 
680.0 
681.0 
682.0 
683.0 
584.0 
581.9 
686.9 
566.9 

122.8 
123.0 
123.2 
123.4 
123.6 
123.9 
121.1 
124.3 
124.6 
124.7 

DW. 

D.P. 

Lat. 

UM. 

Dep. 

Ut. 

Dirt. 

Dep. 

Let. 

Din. 

Dep. 

Lat. 

DM. 

Dep. 

UL 
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Pa^e  6fi6]                                        TABLE  2. 

DiSerence  o(  latitude  and  Departure  for  13'  (167°,  193°,  347°). 

DM. 

Lat 

Dep. 

DM. 

LaC. 

Dep. 

DliL 

LtX. 

Dtp. 

DM. 

IM. 

Dep. 

DM. 

Lat. 

Dep. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
0 

1.0 
1.9 
2.9 
3.9 
4.9 
6.8 
6.8 
7.8 
8.8 
9.7 

0.2 
0.4 
0.7 

o.e 

1.1 

1.3 
1.6 
1.8 
2.0 
2.2 

61 

62 
63 
64 

65 
66 
67 
68 
69 
70 

69.4 
60.4 
61.4 
62.4 
63.  S 
64.3 
65.3 
66.3 
67.2 
68.2 

13.7 
13.9 
14.2 
14.4 
14.6 
14.8 
15.1 
16.3 
15.5 
15.7 

121 

22 
23 
24 
25 
26 
27 
28 
29 
30 

117.9 
116.9 
119.8 
120.8 
121.8 
122.8 
123.7 
124.7 
126.7 
126.7 

27.2 
27.4 
27.7 
27.  B 
26.1 
28.3 
28.6 
28.8 
29.0 
29.2 

181 
82 
83 

84 
85 
86 
87 

90 

176.4 
177.8 
178.3 
179.3 
180.8 
181.2 
182.2 
188.2 
184.2 
185.1 

40.7 
40.9 
41.2 
41.4 
41.6 
41.8 
42.1 
42.8 
42.6 
42.7 

241 
42 
43 
44 
46 
46 
47 
48 
49 
60 

234.8 
235.6 
236.8 
237.7 
238.7 
239.7 
240.7 
241.6 
242.6 
243.6 

54.2 
64.4 
64.7 
54.9 
66-1 
55.8 
56.6 
56.  S 
56.0 
66.2 

2 
13 
14 
16 
16 
17 
18 
ID 
20 

10.7 
11.7 
12.7 
13.8 
14.6 
15.8 
16.6 
17.5 
18.5 
19.5 

2.5 
2.7 
2.9 
3.1 
3.4 
3.6 
3.8 
4.0 
4.3 
4.6 

71 
72 
73 
74 
76 
76 
77 
78 
79 
80 

69.2 
70.2 
71.1 
72.1 

7ai 

74.1 
75.0 
76.0 
77.0 
77.9 

16.0 
16.2 
16.4 
16.6 
16.9 
17.1 
17.3 
17.6 
17.8 
8.0 

131 
32 
33 
34 
36 
36 
37 
38 
39 
40 

127.6 
128.6 
129.6 
130.6 
131.5 
132.6 
133.5 
134.6 
136.4 
136.4 

29.5 
29.7 
29.0 
30.1 
30.4 
30.6 
30.8 
31.0 
31.3 
31.5 

191 
92 
93 
94 
95 
96 
97 
98 
99 

200 

186.1 
187.1 
188.1 
189.0 
190.0 
191.0 
192.0 
192.9 
193.9 
04.9 

43.0 
43.2 
43.4 
43.6 
48.9 
44.1 
44.8 
44.5 
44.6 
46.0 

251 
62 
63 
54 
66 
56 
57 
68 
59 
60 

244.6 
245.6 
240.5 
247.5 
248.5 
249.4 
250.4 
251.4 
252.4 
268.8 

66.6 
66.7 
56.9 
67.1 
57.4 
57.8 
57.8 
58.0 
58.  S 
56.8 

22 
23 
24 

26 
26 
27 
28 
29 
30 

20.6 
21.4 
22.4 
23.4 
24.4 
25.3 
26.3 
27.3 
28.3 
29.2 

4.7 
4.9 
5.2 
6.4 
5.6 
5.8 
6.1 
6.3 
6.5 
6.7 

81 

82 
83 
84 
85 
86 
87 
8S 

90 

78.9 
79.9 
80.0 
81.8 

82.8 
83.8 
84.8 
86.7 

86.7 
87.7 

8.2 
8.4 
18.7 
18.9 
19.1 
19.3 
19.6 
19.8 
20.0 
20.2 

141 
42 
43 
44 

45 
46 

47 
48 
49 
50 

137.4 
138.4 
130.3 
140.3 
141.3 
142.3 
143.2 
144.2 
146.2 
146.2 

31.7 
31.9 
32.2 
32.4 
32.6 
32.6 
33.1 
33.3 
33.5 
33.7 

201 
02 
03 

04 
05 
06 
07 
08 
09 
10 

85.  d 
96.8 
197.8 
198.8 
199.7 
200.7 
201.7 
202.7 
203.6 
204.6 

45.2 
46.4 
46.7 
45.9 
46.1 
46.3 
46.6 
46.8 
47.0 
47.2 

461 
62 
63 
64 
66 
06 
67 
68 
69 
70 

254.8 
255.3 
256.8 
257.8 
258.2 
259.2 
260.2 
261.1 
282.1 

58.9 
69.2 
59.4 
69.6 
59.8 
60.1 
60.3 
60.6 
60.7 

31 
82 
33 
34 
35 
36 
37 
38 
S9 
40 

30.2 
31.2 
32.2 
33.1 
34.1 
35.1 
36.1 
37.0 
38.0 

7.0 
7.2 
7.4 
7.6 
7.9 
8.1 
8.3 
8.5 
8.8 
9.0 

92 
93 
94 
95 
96 
97 
98 
99 
100 

88.7 
89.8 
90.6 
91.6 
92.6 
93.6 
94.6 
95.5 
96.6 
97.4 

20.6 
20.7 
20.9 
21.1 
21.4 
21.6 
21.8 
22.0 
22.3 
22.5 

52 
53 
54 
65 
66 
57 
58 
69 
60 

147.1 
148.1 
149.1 
150.1 
151.0 
162.0 
153.0 
154.0 
164.9 
155.9 

34.2 
34.4 
34.6 
94.9 
36.1 
36.3 
35.5 
36.8 
36.0 

211 
20 

205.6 
206.6 
207.5 
208.5 
209.6 
210.5 
211.4 
212.4 
213.4 
214.4 

47.7 
47.9 
48.1 
48.4 
48.6 
48.8 
49.0 
49.3 
49.6 

72 
78 
74 

76 
76 
77 
78 
79 
80 

266.0 
266.0 
267.0 
268.0 
268.9 
269.9 
270,9 
271.8 
272.8 

61.0 
61.2 
61.4 
61.8 
61.9 
62.1 
62.3 
62.6 
62.8 
63.0 

42 
43 
44 
45 
46 
47 
48 
49 
60 

39.9 
40.9 
41.9 
42.9 
43.8 
44.8 
45.8 
46.8 
47.7 
48.7 

9.2 
9.4 
9.7 
9.9 
10.1 
10.3 
10.6 
10.8 
11.0 
11.2 

101 
02 
03 
04 
06 
06 
07 
06 
09 
10 

99.4 
100.4 
101.3 
102.3 
103.3 
104.3 
105.2 
106.2 
107.2 

22.7 
22.9 
23.2 
23.4 
23.6 
23.8 
24.1 
24.3 
24.6 
24.7 

161 
62 
63 
64 
66 
66 
67 
66 
09 
70 

156.9 
167.8 
168.8 
169.6 
160.8 
161.7 
162.7 
163.7 
164.7 
165.6 

36.2 
36.4 
36.7 
36.9 
37.1 
37.3 
37.8 
37.8 
38.0 
38.2 

22 
23 
24 
26 
26 
27 
26 
29 
30 

215.3 
216.8 
217.3 
218.3 
219.2 
220.2 
221.2 
222.2 
223.1 
224.1 

49.7 
49.9 
60.2 
50.4 
60.6 
50.8 
51.1 
51.8 
61.6 
51.7 

82 
83 
84 
86 
88 
87 
88 
89 
00 

274.6 
275.7 
276.7 
277.7 
276.7 
279.6 
280.6 
281.6 
282.8 

63.4 
63.7 
63.9 
64.1 
64.3 
64.8 
64.8 
66.0 
66.  S 

61 
52 
63 
54 
65 
66 
67 
6S 
69 
60 

49.7 
50.7 
61.6 
62.6 
53.6 
64.6 
66.6 
66.5 
57.5 
68.6 

11.5 
11.7 
11.9 
12.1 
12.4 
12.6 
12.8 
13.0 
13.3 
18.5 

12 
13 
14 
16 
16 
17 
18 
19 
20 

108. 2 
109.1 
110.1 
111.  I 
112.1 
113.0 
114.0 
115.0 
116.0 
116.9 

25.0 
26.2 
25.4 
26.6 
26.9 
26.1 
26.3 
26.6 
26.8 
27.0 

72 
73 
74 
76 
76 
77 
78 
79 
80 

166.6 
167.6 
168.6 
169.  S 
170.5 
171.5 
172.5 
173.4 
174.4 
176.4 

38.7 
38.9 
89.1 
39.4 
89.6 
39.6 
40.0 
40.3 
40.5 

82 
38 
34 
36 
36 
87 

89 
40 

226.1 
227.0 
228.0 
229.0 
230.0 
230.9 
231.9 
232.9 
233.^ 

52.0 
62.2 
52.4 
52.6 
62.9 
63.1 
63.8 
63.5 
63.6 
64.0 

92 
98 
94 
95 
96 
97 
98 
99 
300 

283.5 
284.5 
286.6 
286.5 
287.4 
288.4 
289. 4 
290.4 
291.3 
202.8 

66.7 
65.9 
66.1 
68.4 
68.6 
66.8 
67.0 
67.8 
67.6 

DM. 

Dep. 

Lat. 

DM. 

D^. 

ut 

DM. 

Dep. 

L>t. 

DM. 

Dep. 

LU. 

DM. 

Otp. 

LM. 
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TABLE  2.                                          [P«g»  667 
Diiference  ot  Utitade  and  Depuinre  for  13'  (isr,  193o,  UT). 

-DM. 

IM. 

Dep. 

Dlit. 

L»t. 

Dep. 

Wit. 

tM. 

Dep. 

Dirt. 

Ut 

Dep. 

DUt 

L.t. 

Dep, 

301 
02 
03 
M 
06 
06 
07 
08 

m 

ID 

298.3 
294.3 
29C.2 
296.2 
297.2 
296.2 
299.1 
300.1 
301.1 
302.1 

67.7 
67.9 
68.1 
68.4 
68.6 
68.8 
69.0 
69.3 
69.5 
69.7 

361 

62 
63 
64 
65 
66 
67 
68 
69 
70 

361.8 
362.7 
363.7 
354.7 
366.6 
356,6 
357,6 
358.6 
359.5 
360,6 

81.2 
81.4 
81.6 
81.9 
82.1 
82.3 
82.6 
82.8 
83.0 
83.2 

421 
22 
23 
24 
25 
26 
27 
28 
29 
30 

410.2 
411.2 
412.2 
413.1 
414.1 
416.1 
416.1 
417.0 
418.0 
419.0 

94.7 
94.9 
95.1 
95.3 
96.6 
95.8 
96.0 
96.2 
96.5 
96.7 

481 
82 

64 
86 
80 
87 
88 
89 
90 

468.7 
469.7 
470.6 
471.6 
472,6 
473.6 
474,6 
475.6 
476.6 
477.6 

108.2 
108.4 
108.6 

108.6 
109,0 
109.3 
109,6 

109.7 
109,9 
110.1 

641 
42 
43 
44 
46 
46 
47 
48 
49 
50 

527.2 
528.1 
629.1 
530.1 
531.1 
532.0 
533.0 
534.0 
536.0 
536.9 

121.7 
121.9 
122.1 
122.3 
122.6 
122.8 
123.0 
123,2 
123,4 
123.7 

12 
13 
M 
15 
16 
17 
18 
19 
20 

30S.0 
304.0 
306.0 
306.0 
306.9 
307.9 
306.9 
309.9 
810.8 
311.8 

69.9 

70.2 
70.4 
70.6 
70,8 
71.1 
71.3 

n.6 

71.7 
72.0 

371 
72 
73 
74 
75 
76 
77 
78 
79 
80 

361.6 
362.6 
363.4 
364.4 
366.4 
366.4 
367.3 
368.3 
369. 8 
370.3 

83.4 
83.7 
83.9 
84.1 
84.3 
84.6 
84.8 
86.0 
85.2 
36.6 

431 
32 
33 
34 
36 
36 
37 
38 
39 
40 

420.0 
420.9 
421.9 
422.9 
423.9 
424.8 
426.8 
426.8 
427.8 
428.7 

97.1 

97.4 
97.6 
97.8 
98.0 
98.3 
98.5 
98.7 
08,0 

49  L 
92 
93 
94 
96 
96 
97 
98 
99 

600 

478,4 
479.4 
480,4 
481.4 
482.3 
483.3 
484.3 
486.3 
486.2 
487.2 

110.4 
110.6 
110,0 
111.1 
111,3 
111.5 
111.8 
112.0 
112,2 
112.4 

bbl 
62 
53 
54 
66 
66 
67 
58 
69 
60 

636.9 
537.9 
538.9 
639.8 
540.8 
641.8 
642.8 
648.7 
644.7 
646.7 

123.9 
124.1 
124.4 
124.6 
124.9 
126.1 
126.3 
126.5 
126,8 
126.0 

22 
23 
24 
25 
26 
27 
28 
29 
30 

313.8 
314.7 
316.7 
318.7 
317.6 
318.6 
319.6 
320.6 
321.6 

72.4 
72.6 
72.9 
73.1 
73.3 
73.5 
73.8 
74.0 
74.2 

82 
S3 
84 

86 
86 
87 
88 
89 
90 

372.2 
378.2 
374.2 
376.1 
376.1 
377.1 
378.1 
379.0 
380,0 

85.9 
86.1 
86.4 
86.6 
86.8 
87.0 
87.3 
87.6 
87.7 

441 
42 
43 
44 
46 
46 
47 
48 
49 
60 

429.7 
430.7 
431,6 
432.6 
433.6 
434.6 
436.6 
436.6 
437.6 
438.6 

99.4 
09.6 
99.8 
100.1 
100.3 
100.5 
100,7 
101.0 
101.2 

501 
02 
03 
04 
06 
06 
07 
08 
09 
10 

489.2 
490.1 
491.1 
492.1 
493.1 
494.0 
406.0 
496.0 
490.9 

112.9 
113.1 
113.3 
113,6 
113.8 
114.0 
114.2 
114.5 
114.7 

62 
63 
64 
65 
66 
67 
68 
69 
70 

647.8 
548.6 
549.6 

650.6 
551,5 
552,5 
653.6 
654,5 
656.4 
"556.4 
557.4 
658.4 

660.3 
661.3 
662.3 
663.2 
564.2 
665.2 

126.4 
126.7 
126.9 
127.1 
127.8 
127.6 
127.8 
128.0 
126.3 

331 

33 
54 
35 
36 
37 
38 
39 
40 

322.6 
323.  S 
324.6 
325.4 
326.4 
327.4 
328.4 
329.3 
330.3 
331.3 

74.4 
74.7 
74.9 
75.1 
75.3 
76.6 
76.8 
76.0 
76.2 
76.6 

391 
92 
93 
94 
95 
96 
97 
98 
99 

400 

381.0 
382.0 
382.9 
383.9 
384.9 
386.9 
386.8 
387.8 
388.8 
389.8 

87.9 
88.2 
88.4 
88.6 
88.8 
89.1 
89.3 
89.6 
89.7 
90.0 

461 
62 
63 
54 
55 
66 
57 
58 
59 
60 

439.4 
440.4 
441.4 
442.4 
443.3 
444.3 
445.3 
446.3 
447.2 
448.2 

101.4 
101.6 
101.9 
102.1 
102.3 
102.6 
102.8 
103.0 
103.2 
103.4 

611 
12 
13 
14 
16 
16 
17 
18 
19 
20 

497.9 
498.9 
499.9 
600.8 
601.8 
602.8 
503.8 
504.7 
606.7 
606.7 

114.9 
115,1 
116.4 
116.6 
116.8 
116.0 
116.3 
116.5 

lie.  7 

116.9 

671 
72 
73 
74 
76 
76 
77 
78 
79 
80 

128.5 
128.7 
128.9 
129.2 
129.4 
120.6 
129.8 
130.0 
130.2 
130.4 

42 
43 
44 
45 
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443.4 

110.6 

17 

501.7 

126.0 

77 

659,9 

130.5 

38 

327.9 

81.7 

98 

386.1 

06.8 

58 

444.4 

110.8 

18 

502.6 

125.3 

78 

560.0 

139.8 

39 

328.9 

82.0 

00 

387.1 

06.5 

59 

446.3 

111.0 

10 

503.6 

126.6 

79 

661.8 

140.0 

40 

329.9 

82.2 

400 

388.1 

96.7 

y> 

446,3 

111.3 

20 

604.6 

125.8 

SO 

562.8 

40.3 

■SiT 

"swrr 

82.6 

lor 

-mrr 

07.0 

461 

"44773" 

TTO 

MT 

605.6 

126,0 

"58r 

'5M7T 

~407r 

42 

331.8 

82.7 

02 

390.0 

97.2 

448,2 

111.7 

22 

506.5 

126.2 

82 

664.7 

40.8 

43 

332.8 

83.0 

03 

391.0 

97.5 

63 

449,2 

112.0 

23 

607.6 

126.5 

666,7 

141.0 

44 

333.7 

83.2 

04 

302.0 

97.7 

64 

450.2 

112.2 

24 

608.4 

126.8 

84 

666.7 

141.3 

4fi 

334.7 

83.4 

05 

392.9 

08.0 

66 

461.2 

112.5 

25 

500.4 

127.0 

86 

667.6 

141.5 

46 

336.7 

83.7 

06 

393.9 

98.2 

66 

452.1 

112.7 

26 

610.4 

127.2 

86 

568.6 

141.8 

47 

336.7 

83.9 

07 

894.9 

98.4 

67 

453,1 

113.0 

27 

611.4 

127.6 

87 

669,6 

142.0 

48 

337.6 

84.2 

08 

396.8 

98.7 

68 

454.1 

113.2 

28 

612.3 

127.8 

670.6 

142.3 

49 

338. 6 

84.4 

09 

306.8 

98.9 

69 

456.0 

113.4 

20 

518.3 

12B.0 

671.5 

142.5 

60 

339.6 

84.7 

10 

307.8 

90.2 

70 

456.0 

113.7 

30 

614.8 

128.2 

90 

672.5 

142.8 

36r 

"3406' 

"84:9" 

nr 

mO" 

99.4 

"in" 

467.0 

113.9 

"63r 

515.3 

TfflTs 

"soT 

673.5 

143.(1" 

62 

341.  S 

85.1 

12 

399.7 

99.7 

72 

467.9 

114.2 

32 

616.2 

128.8 

02 

674.4 

143.3 

53 

342.6 

86.4 

13 

400.7 

99.9 

73 

458.0 

114.4 

33 

517.2 

129.0 

03 

675.4 

143.5 

54 

343.6 

85.6 

401.7 

100.1 

74 

469.0 

114.6 

34 

518.2 

129.2 

94 

676.4 

143.8 

65 

344.4 

86.9 

402,6 

100.4 

76 

460.0 

114.9 

35 

510.1 

129.4 

96 

577.3 

144.0 

fi6 

346.4 

86.1 

403,6 

too.  6 

76 

461.8 

116.1 

30 

520,1 

129.7 

96 

578,3 

144.2 

67 

346.4 

86.3 

404.6 

100.9 

77 

462.8 

116.4 

37 

521.1 

129.9 

97 

679.3 

144.5 

68 

347.3 

86.6 

406.5 

101.1 

78 

463.8 

115.6 

38 

522.1 

130.2 

98 

680.3 

144.7 

69 

848.3 

86.8 

19 

406.5 

101.3 

70 

464.7 

116.9 

39 

623,0 

130.4 

09 

681,2 

144.9 

60 

S49.3 

87.1 

20 

407.6 

101.6 

80 

466.7 

116.1 

40 

524.0 

130.8 

600 

682,2 

146.1 

W«!' 

Dep. 

ux. 

DSrt. 

Dep. 

Ut. 

DM. 

l»p. 

Ut 

Dlit, 

D«P. 

UL 

Din. 

Dap. 

Lat. 

76' (I 
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OmL 

Lt. 

B.P. 

DIM. 

I*t. 

Dep. 

DIM. 

IaL 

Dep. 

DIM. 

Lat. 

Dep. 

DIM. 

Lat. 

D«P. 

1 
2 
3 
4 
6 
6 
7 
8 
9 
10 

1.0 
1.9 
2.9 
8.9 
4.8 
6.8 
6.8 
7.7 
8.7 
0.7 

0.3 

ae 

0.8 
1.0 
1.3 
1.6 
1.8 
2.1 
2.8 
2.6 

61 

62 
63 
64 
66 
66 
67 
68 
69 
70 

58.9 
69.9 
60.9 
61.8 
62.8 
63.8 
64.7 
66.7 
66.6 
67.6 

16.8 
16.0 
16.3 
16.6 
16.8 
17.1 
17.3 
17.6 
17.9 
18.1 

121 
22 
23 
24 
25 
26 
27 
28 
20 
30 

116.9 
117.8 
118.8 
119.8 
120.7 
121.7 
122.7 
123.6 
124.6 
125.6 

31.3 
31.6 
31.8 
S2.1 
82.4 
32.6 
32.9 
33.1 
33.4 
33.6 

181 
82 
83 
84 
86 
86 
87 
88 
89 
90 

174.8 
175.8 
176.8 
177.7 
178.7 
179.7 
180.6 
181.6 
182.6 
183.6 

46.8 
47.1 
47.4 
47.6 
47.9 
48.1 
48.4 
48.7 
48.9 
49.2 

241 
42 
43 
44 
46 
46 
47 
48 
49 
60 

232.8 

234!  7 
235.7 
236.7 
237.0 
238.6 

240:5 
241.5 

62.4 

62.6 
K.9 
63.2 
63.4 
63.7 
63.9 
64.2 
64.4 
64.7 

a 

12 
13 

14 
15 
16 
17 
18 
19 
20 

10.6 
11.6 
12.6 
IS.* 
14.5 
16.5 
16.4 
17.4 
18.4 
19.3 

2.8 
3.1 
3.4 
3.6 
B.6 
4.1 
4.4 
4.7 
4.9 
6.2 

VI 
72 
73 
74 
76 
76 
77 
78 
79 
80 

69.5 
70.5 
71.5 
72.4 
73.4 
74.4 
75.3 
76.8 
77.3 

18.6 
18.9 
19.2 
19.4 
19.7 
19.9 
20.2 
20.4 
20.7 

131 
32 
33 
34 
35 
36 
37 
38 
39 
40 

127.5 
128.5 
129.4 
130.4 
131.4 
132.3 
133.3 
134.3 
135.2 

34.2 
34.4 
34.7 
84.9 
35.2 
36.6 
85.7 
36.0 
36.2 

92 
93 
94 
05 
96 
97 
98 
99 
200 

186.5 
186.4 
187.4 
188.4 
189.3 
190.3 
191.3 
192.2 
193.2 

49.7 
50.0 
50.2 
60.6 
50.7 
51.0 
61.2 
61.6 
51.8 

251 
62 
53 
64 
65 
56 
67 
58 
69 
60 

243.4 
244.4 
245.3 
246.3 
247.3 
248.2 
240.2 
250.2 
251.1 

65.0 
65.2 
65.6 
66.7 
66.0 
66.3 
66.5 
66.8 
67.0 
67.3 

22 
23 
24 
25 
26 
27 

29 
30 

21.3 
22.2 
23.2 
24.1 
26.1 
26.1 
27.0 
28.0 
29.0 

5.7 
6.0 
6.2 
6.6 
6.7 
7.0 
7.2 
7.6 
7.8 

81 
82 
83 
84 
86 
86 
87 
88 
89* 
90 

79.2 
80.2 
81.1 
82.1 
83.1 
84.0 
86.0 
86.0 
86.0 

21.2 
21.6 
21.7 
22.0 
22.3 
23.6 
22.8 
23.0 
23.3 

141 
42 
43 
44 
45 
46 
47 
48 
49 
60 

137.2 
138.1 
139.1 
140.1 
141.0 
142.0 
143.0 
143.9 
144.9 

30.8 
37.0 
87.3 
37.5 
37.8 
38.0 
38.3 
88. 6 
38.8 

02 
03 
04 
06 
06 
07 
08 
09 
10 

196.1 
196.1 
197.0 
198.0 
199.0 
199.9 
200.9 
201.9 
202,8 

52.0 
62.3 
62.6 
52.8 
63.1 
63.8 
53.6 
63.8 
54.1 
54.4 

62 
63 
64 
66 
66 
67 
68 
69 
70 

263.1 
254.0 
265.0 
256.0 
256.9 
267.9 
258.9 
259.8 
260,8 

67.6 

67.8 

68.1 

68.3 

68.6 

68.8 

6ftl   i 

69.4   1 

69.6 

69.9 

32 
33 
34 
36 
30 
87 
38 
3S 
40 

30.9 
31.9 
32.8 
33.8 
34.8 
36.7 
36.7 
37.7 
38.6 

8.3 
8.5 
8.8 
9.1 
9.3 
9.6 
9.8 
10.1 
10.4 

92 
93 
94 
95 
96 
97 
98 
99 
100 

88.9 
89.8 
90.8 
91.8 
92.7 
93.7 
94.7 
95.6 
06.6 

23.8 
24.1 
24.3 
24.6 
24.8 
26.1 
26.4 
28.6 
26.9 

64 
66 
66 
67 
58 
59 
60 

146.8 
147.8 

148.8 
140.7 
150.7 
161.7 
152.6 
153.6 
154.6 

89.3 
39.8 
39.9 
40.1 
40.4 
40.6 
40.9 
41.2 
41.4 

12 
13 
14 
15 
10 
17 
18 
19 
20 

204.8 
206.7 
200.7 
207.7 
208.6 
209.6 
210.6 
211.6 
212.6 

54.9 
55.1 
56.4 
65.0 
55.9 
66.2 
60.4 
50.7 
66.9 

72 
73 
74 
76 

76 
77 
78 
79 
80 

262.7 
263.7 
264.7 
266.6 
266.6 
267.6 
268.5 
269.5 
270.6 

70.4 
70.7 
70^9 
71.2 
71.4 
71.7 
72.0 
72.2 
72.6 

41 

42 
48 
44 
45 
46 
47 
48 
49 
60 

40.6 
41.6 
42.6 
43.5 
44.4 
46.4 
46.4 
47.3 
48.3 

10.9 
11.1 
11.4 
11.6 
11.9 
12.2 
12.4 
12.7 
12.9 

02 
08 
04 
05 
06 
07 
08 
09 
10 

08.5 
99.5 
100.6 
101.4 
102.4 
103.4 
104.8 
106.3 
106.3 

26.4 
26.7 
26.9 
27.2 
27.4 
27.7 
28.0 
28.2 
28.6 

64 
65 
66 
67 

08 
69 

70 

166.5 
167.4 
158.4 
159.4 
160.3 
101.3 
162.3 
163.2 
164.2 

41.9 
42.2 
42.4 
42.7 
43.0 
43.2 
43.6 
43.7 
44.0 

22 
23 
24 
26 
26 
27 
28 
29 
30 

214.4 
216.4 
210.4 
217.3 
218.3 
219.3 
220.2 
221.2 
222.2 

67.6 
67.7 
68.0 
58.2 
68.6 
68.8 
69.0 
59.3 
69.6 

82 
83 
84 
85 
86 
87 
88 
89 
90 

272.4 
273.4 
274.3 
275.3 
276.3 
277.2 
278.2 
279.2 
280.1 

73.0 
73.2 
73.5 
73.8 
74.0 
74.3 
74.6 
74.8 
75.1 

51 

62 
53 
64 
66 

66 
67 

60 

49.3 
60.2 
51.2 
62.2 
63.1 
64.1 
66.1 
66.0 
67.0 
58.0 

13.2 
13.6 
13.7 
14.0 
14.2 
14.5 
14.8 
16.0 
16.3 
16.6 

111 
12 
13 
14 
15 
16 
17 
18 
19 
20 

107.2 
108.2 
109.1 
110.1 
111.1 
112.0 
113.0 
114.0 
114.9 
116.9 

28.? 
29.0 
29.2 
29.6 
29.8 
30.0 
30.3 
30.6 
30.8 
31.1 

171 
72 
73 
74 
76 
76 
77 
78 
79 
80 

166.2 
166.1 
167.1 
168.1 
169.0 
170.0 
171.0 
171.0 
172.9 
178.9 

44.3 
44.5 
44.8 
45.0 
46.8 
46.6 
45.8 
40.1 
46.3 
46.0 

231 
32 

34 
35 

37 

39 
40 

223.1 
224.1 
225.1 
226.0 
227.0 
22S.0 
228.9 
229.9 
230.9 
231.8 

69.8 
60.0 
60.3 
60.6 
60.6 
61.1 
61.3 
61.6 
61.0 
62.1 

291 
92 
93 
94 
96 
96 
97 
98 
99 

300 

281.1 
262.1 
283.0 
284.0 
284.9 
286.9 
286.8 
287.8 
288.8 
289.8 

V6.3 
76.6 
76.8 
76.1 
76.4 
76.6 
76.9 
77.1 
77.4 
77.6 

DIM. 

Dep. 

Ut 

DIM. 

Dep. 

Lat. 

DIM. 

Dtp. 

Lat. 

MM. 

Dep. 

Lat. 

DIM. 

Dep. 

laL 
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DUtennce  of  Lktitadeuid  DeputDM  for  I50  (I660,  105",  346"). 

Dl*!. 

lAt 

Dep. 

Wrt. 

lAL 

D^. 

Dirt. 

IM. 

Dep. 

DIM. 

1^ 

Dep. 

Dlat. 

Lat. 

Dep. 

301 

290.7 



77.9 

361 

348.7 

93.4 

421 

406.6 

109.0 

481 

464.6 

124.6 

641 

522.6 

140.0 

02 

291.7 

78.2 

62 

349.6 

98.7 

22 

407.8 

109.2 

82 

485.6 

124.8 

42 

528.6 

140.3 

08 

292.7 

78.4 

63 

360.6 

94.0 

23 

408.8 

109.5 

83 

466.5 

126.0 

43 

524.5 

140.6 

04 

293.6 

78.7 

64 

351.6 

94.2 

24 

409.6 

109.7 

84 

467.6 

126.3 

44 

526.5 

140.8 

05 

294.6 

78.9 

65 

352.6 

94.5 

25 

410.6 

110.0 

86 

468.6 

125,6 

46 

526.4 

141.1 

OS 

295.6 

79.2 

66 

853. 5 

04.7 

26 

411.6 

110.3 

86 

469.4 

125.8 

46 

527.4 

141.4 

07 

296.6 

79,6 

67 

354.6 

95.0 

27 

412.4 

110.6 

87 

470.4 

126.1 

47 

141.6 

08 

297.6 

79.7 

68 

356.4 

95.3 

28 

413.4 

110.8 

88 

471.4 

128.4 

48 

529,3 

141.9 

09 

298.4 

60.0 

69 

856.4 

96.5 

29 

414.4 

111.0 

472.3 

126.6 

49 

530.3 

142.1 

10 

299.4 

80.2 

70 

367.4 

96.8 

30 

415.3 

111.3 

90 

473.3 

126.9 

60 

531.3 

42.4 

Sir 

"WO" 

80.6 

"STT 

96.0 

«r 

416.3 

111.6 

-49r 

"47473" 

i27n: 

"66r 

532.2 

"4276 

12 

301.3 

80.8 

72 

359.8 

96.3 

32 

417.3 

111.8 

92 

475.2 

127,4 

52 

533.2 

42.9 

IS 

302.3 

81.0 

73 

360.3 

96.6 

33 

418.2 

112.1 

93 

476.2 

127,6 

63 

534.2 

143.1 

14 

303.3 

81.3 

74 

361.2 

96.8 

34 

419.2 

U2.3 

94 

477.2 

127.9 

64 

536.1 

143.4 

15 

304.2 

81.6 

76 

362.2 

97.1 

36 

420.2 

112.6 

06 

478.1 

128,1 

65 

536.1 

143.7 

16 

305.2 

81.8 

76 

363.2 

97.3 

36 

421.1 

112.9 

96 

479.1 

128.4 

66 

537.1 

143.0 

17 

308.2 

82.1 

77 

364.1 

97.6 

37 

422.1 

113.1 

97 

480.1 

128.6 

67 

638.0 

144.2 

18 

807.1 

82.3 

78 

865.1 

97.8 

38 

423.1 

113.4 

98 

481.0 

128.0 

68 

539.0 

144.4 

19 

806.1 

82.6 

79 

366.1 

98.1 

39 

424.0 

113.6 

99 

482.0 

120.1 

69 

540.0 

144.7 

20 

309.1 

82.8 

80 

367.0 

98.4 

40 

425.0 

113.  e 

500 

483.0 

129.4 

60 

640.9 

144.9 

KT 

310.0 

83.1 

SST 

366.0 

"9876 

"er 

iMrF 

114.1 

lor 

483.9 

129.7 

MT 

641.9 

T4672 

22 

311.0 

83.3 

82 

869.0 

98.0 

42 

426.9 

114.4 

02 

484.9 

129.9 

62 

542,0 

145.4 

23 

312.0 

83.6 

83 

369.9 

99.1 

43 

427.9 

114.7 

03 

485.9 

130.2 

63 

643.8 

146.7 

24 

312.9 

83.9 

84 

370.9 

oe.4 

44 

428.8 

114.9 

04 

488.8 

130.4 

64 

644.8 

146.0 

25 

813.9 

84.1 

85 

371.9 

99.6 

45 

429.8 

115.2 

05 

487.8 

130.7 

65 

545.8 

146.2 

26 

314.9 

84.4 

86 

372.8 

99.9 

46 

430.8 

116.4 

06 

488.8 

131,0 

66 

546.7 

146.6 

27 

316.8 

84.6 

87 

378.8 

100.2 

47 

431.7 

115.7 

07 

489.7 

131.2 

67 

547.7 

146.7 

28 

816.8 

84.9 

88 

374.8 

100.4 

48 

432.7 

116.0 

06 

490.7 

131.5 

68 

648.7 

147.0 

29 

317.8 

85.1 

89 

376.7 

100.7 

49 

433.7 

116.2 

09 

491.7 

131.7 

69 

549.6 

147.2 

SO 

318.7 

86.4 

90 

376.7 

100.9 

60 

434.6 

116.6 

10 

492.6 

132.0 

70 

650.6 

147.6 

^r 

31B.7 

86.7 

391 

377.7 

101.2 

451 

436.6 

118.7 

"eiT 

^4^:^ 

132.3 

57r 

561,6 

147.8 

32 

320.7 

86.9 

92 

378.6 

101.6 

62 

436.6 

U7.0 

12 

494.6 

132,6 

72 

652.5 

148.0 

3!1 

321.6 

86.2 

93 

379.6 

101.7 

63 

437.5 

U7.3 

13 

496.6 

132.8 

73 

653,6 

148,3 

34 

322.8 

86.6 

94 

380.6 

102.0 

64 

438.5 

117.5 

14 

496.6 

133,0 

74 

664.4 

148.6 

36 

323.6 

86.7 

96 

381.6 

102.2 

55 

439.6 

117.8 

15 

497.4 

133,3 

75 

555.4 

148.8 

36 

324.5 

87.0 

06 

382.5 

102.5 

66 

440.4 

118.0 

16 
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123.7 

40 

416.0 

143.2 

500 

472.8 

162.8 

60 

,629.5 

182.3 

■^T 

IroX 

104.5 

SST 

860.2 

120 

-ar 

417.0 

143.6 

lor 

"470" 

i^n: 

"6er 

:^:t 

TeO" 

22 

304.6 

104.8 

82 

861.2 

124.4 

42 

417.9 

143.9 

02 

474.7 

163.4 

62 

531.4 

182.9 

28 

305.4 

106.1 

SS 

362.1 

124.7 

43 

418.9 

144.2 

03 

475.0 

163.7 

68 

532.3 

183.3 

24 

308.3 

106.5 

84 

863.1 

128.0 

44 

419.8 

144.5 

04 

476,5 

164.1 

64 

533.2 

183.6 

25 

307.3 

106.8 

86 

364.0 

125.8 

45 

420.8 

144.9 

06 

477.6 

164.4 

«6 

534.2 

188.9 

28 

308.2 

106.1 

88 

366.0 

125.7 

46 

421.7 

146.2 

06 

478.4 

164.7 

68 

536.1 

184.2 

27 

309.2 

106.4 

87 

366.9 

126.0 

47 

422.6 

146,5 

07 

479,4 

166.0 

67 

536.1 

184.6 

28 

310.1 

106.8 

88 

366.9 

126.8 

48 

423.6 

146.8 

08 

480.3 

166.4 

68 

537.0 

184.9 

29 

311.1 

107.1 

89 

367.8 

126.6 

49 

424.6 

146.2 

09 

481.2 

166.7 

69 

538.0 

185.2 

30 

312.0 

107.4 

90 

368.8 

127.0 

60 

426.6 

146.6 

10 

482.2 

166.1 

70 

538.9 

185.6 

KT 

313.0 

107.7 

lor 

-mr 

127.3 

-m 

iwrr 

146.8 

■grr 

«3rr 

ISO 

TtT 

639.9 

185.9 

32 

313.9 

108.1 

92 

370.6 

127.8 

62 

427.4 

147.1 

12 

484.1 

166.7 

72 

540.8 

186.2 

33 

314.9 

108.4 

93 

371.6 

127.9 

63 

428.3 

147.6 

13 

485.0 

167.0 

73 

541.7 

186.6 

34 

315.8 

108.7 

94 

372.6 

128.3 

54 

429.3 

147.8 

14 

486.0 

187.4 

74 

642.7 

186.9 

36 

316.7 

109.1 

96 

373.5 

128.6 

66 

430.2 

148.1 

15 

486.9 

167.7 

78 

643.8 

187.2 

36 

317.7 

109.4 

96 

374.4 

128.9 

66 

431.2 

148.4 

16 

487.9 

168.0 

76 

644.6 

187.6 

37 

318.6 

109,7 

97 

375.4 

129.2 

57 

432.1 

148.8 

17 

488.8 

168.3 

77 

645.6 

187.8 

38 

319.  S 

110.0 

98 

376.3 

129.6 

68 

433.0 

149.1 

18 

480.7 

168.7 

78 

646.6 

188.2 

39 

320.6 

110.4 

99 

377.3 

129.9 

59 

434.0 

149.4 

19 

490.7 

169.0 

79 

647.4 

188.6 

40 

321. 5 

110.7 

400 

378.2 

130.2 

60 

434.9 

149.7 

20 

491.6 

169.3 

80 

648.4 

188.8 

341 

-mT- 

111.0 

401 

379,2 

isors 

WT 

ISO" 

160.1 

■62r 

-mr 

iisre 

-m- 

649.3 

189.1 

42 

323.4 

111.3 

02 

380.1 

130.9 

62 

436.8 

160.4 

22 

493.5 

170.0 

82 

650.3 

189.5 

43 

S24.3 

111.  7 

03 

381.0 

131.2 

68 

437.8 

150.7 

23 

494.6 

170.3 

83 

661.2 

189.8 

44 

326.3 

112.0 

04 

131.5 

64 

438.7 

161.0 

24 

495.4 

170.6 

84 

652.2 

190.1 

46 

328.2 

112.3 

06 

382.9 

131.8 

66 

439.7 

151.4 

26 

496.4 

170.9 

86 

663.1 

190.4 

46 

827.1 

112. 6 

06 

383.9 

132.2 

66 

440.6 

151.7 

26 

497.3 

171.2 

86 

664.1 

190.8 

47 

328.1 

113.0 

07 

384.8 

132.5 

67 

441.6 

162.0 

27 

498.3 

171.6 

87 

655.0 

191.1 

48 

820.0 

118.3 

08 

386.8 

132.8 

68 

442.5 

162.4 

28 

496.2 

171.9 

88 

655.9 

191.4 

49 

330.0 

113.6 

09 

386.7 

133.1 

69 

443.4 

152.7 

29 

600.1 

172.2 

556.9 

191.7 

60 

330.9 

113.9 

0 

387.7 

133.5 

70  1 

444.4 

153.0 

30 

601.1 

172.5 

90 

657.8 

192.1 

m- 

-mT 

114.3 

TT 

"me" 

133.8 

Tn 

"WO" 

163.3 

-m 

~mT 

17279 

wr 

658.8 

192.4 

62 

332.8 

114.6 

12 

389.6 

134.1 

72 

448.3 

153.7 

32 

603.0 

173.2 

92 

559.7 

192.7 

63 

333.8 

114.9 

13 

390.6 

134.4 

73 

447.2 

164.0 

33 

503.9 

173.6 

93 

660.7 

193.0 

64 

334.7 

116.2 

14 

391.4 

134.8 

74 

448.2 

164.3 

34 

604,9 

173.8 

64 

661.6 

193.4 

66 

336.7 

116.6 

16 

392.4 

136.1 

76 

449.1 

154.8 

36 

606.8 

174.2 

96 

662.6 

193.7 

66 

336.6 

116.9 

16 

398.3 

135.4 

76 

450.1 

155.0 

36 

606.8 

174.5 

96 

563.5 

194.0 

67 

337.5 

116.2 

17 

394.3 

135.7 

77 

451.0 

165.3 

37 

607.7 

174.8 

97 

664.6 

194.3 

68 

338.5 

116.6 

18 

396.2 

136.1 

78 

452.0 

165.6 

38 

608.7 

175.1 

98 

685.4 

194.7 

69 

339.4 

116.9 

19 

396.2 

186.4 

79 

452.9 

165.9 

39 

609.6 

176.5 

99 

666.4 

196.0 

60 

340.4 

117.2 

20 

397.1 

136.7 

80 

453.8 

166.8 

40 

610.6 

176.8 

600 

667.3 

195.3 

DwT 

Dep. 

IM. 

MrtT 

Dep. 

LM. 

BUL 

Dep. 

IaL 

Diit. 

D«^ 

lAt. 

DIM. 

Dep. 

U-L 

71- (1 

09°,  251°,  289"). 

1 
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TABLE  2. 

Difference  ol  Utitade  and  Departure  for  20'  (160",  aOO",  340") . 

Dlit. 

IM. 

Dep. 

Dkt. 

Lat. 

Dtp. 

out 

LU. 

Dep. 

Din. 

Lat. 

D«p. 

DM. 

Lat. 

IN» 

1 

0.9 

0.3 

61 

57.3 

20.9 

121 

118.7 

41.4 

181 

170.1 

61.9 

241 

226.5 

82.4 

2 

1.9 

0.7 

62 

58.3 

21.2 

22 

114.6 

41.7 

82 

171.0 

62.2 

42 

227.4 

82.S 

3 

2.8 

1.0 

68 

59.2 

21.5 

23 

116.6 

42.1 

83 

172.0 

62.6 

43 

228.3 

sai 

4 

8.8 

1.4 

64 

60.1 

21.9 

24 

116.5 

42.4 

84 

172.9 

62.9 

44 

229.8 

83.6 

6 

4.7 

1.7 

66 

61.1 

22.2 

26 

117.5 

42.8 

85 

173.8 

63.3 

45 

230.2 

83.8 

6 

5.6 

2.1 

66 

62.0 

22.6 

26 

118.4 

48.1 

86 

174.8 

88.6 

46 

231.2 

84.1 

7 

6.6 

2.4 

67 

63.0 

22.9 

27 

119.3 

43.4 

87 

176.7 

64.0 

47 

232.1 

84.6 

8 

7.5 

2.7 

68 

63.9 

23.3 

28 

120.3 

43.8 

86 

176.7 

64,3 

48 

233.0 

64.8 

9 

8.5 

3.1 

69 

64.8 

23.6 

29 

121.2 

44.1 

89 

177.6 

64.6 

49 

234.0 

85.2 

10 

9.4 

3.4 

70 

65.8 

28.9 

30 

122.3 

44.5 

90 

78.5 

^.0 

60 

234.9 

85.6 

~ir 

"ioF 

3.8 

71 

66.7 

24.3 

131 

-i23rr 

44.8 

"i9r 

~iuF 

65.8 

-mr 

'245.9 

85.8 

12 

11.3 

4.1 

72 

67.7 

24.6 

82 

124.0 

46.1 

92 

80.4 

66.7 

52 

236.8 

86.2 

13 

12.2 

4.4 

73 

68.6 

25.0 

33 

125.0 

45.6 

93 

181.4 

66.0 

63 

237.7 

86.6 

14 

13.2 

4.8 

74 

69.5 

25.8 

34 

126.9 

45.8 

94 

182.3 

66.4 

54 

238.7 

86.9 

15 

14.1 

5.1 

75 

70.5 

25.7 

85 

126.9 

46.2 

96 

183.2 

66.7 

56 

239.6 

87.2 

16 

15.0 

6.6 

76 

71.4 

26.0 

36 

127.8 

46.5 

96 

184.2 

67.0 

56 

240.6 

87.6 

17 

16.0 

5.8 

77 

72.4 

26.3 

37 

128.7 

46.9 

97 

185.1 

67.4 

57 

241.5 

87.fl 

Id 

16.9 

6.8 

78 

73.3 

26.7 

88 

129.7 

47.2 

98 

186.1 

67.7 

58 

242.4 

sas 

19 

17.9 

6.6 

79. 

74.2 

27.0 

89 

130.6 

47.5 

99 

187.0 

68.1 

69 

243.4 

88.6 

20 

18.8 

6.8 

80 

75.2 

27.4 

40 

131.6 

47.9 

200 

187.9 

68.4 

60 

244.3 

88.9 

^srr 

7.2 

"sr 

~76X 

"2777" 

"wr 

T32:r 

"40" 

■m- 

188.9 

"eTT" 

isr 

246.3 

~m:t 

22 

20.7 

7.6 

82 

77.1 

28.0 

42 

133.4 

48.6 

02 

189.8 

69.1 

62 

246.2 

89.6 

23 

21.6 

7.9 

83 

78.0 

28.4 

43 

134.4 

48.9 

03 

190.6 

69.4 

63 

247,1 

90.0 

24 

22.6 

8.2 

84 

78.9 

28.7 

44 

135.3 

49.3 

04 

191.7 

69.8 

64 

248.1 

00.3 

25 

23.6 

8.6 

86 

79.9 

29.1 

45 

136.3 

49.6 

05 

192.6 

70.1 

66 

249.0 

90.6 

26 

24.4 

8.9 

86 

80.6 

29.4 

46 

137.2 

49.9 

06 

193.6 

70.5 

66 

250.0 

91.0 

27  ■ 

25.4 

9.2 

87 

81.8 

29.8 

47 

138.1 

50.3 

07 

194.5 

70.8 

67 

260.9 

91.3 

28 

26.3 

9.6 

88 

82.7 

30.1 

48 

139.1 

50.6 

08 

195.5 

71.1 

68 

251.8 

91.7 

29 

27.3 

9.9 

89 

83.6 

30.4 

49 

140. 0 

61.0 

09 

196.4 

71.5 

69 

252.8 

92.0 

30 

28.2 

10.3 

90 

84.6 

30.8 

50 

140.9 

51.3 

10 

197.3 

71.8 

70 

263.7 

92.3 

31 

~wrr 

10.6 

"W 

31.1 

Tsr 

141.9 

51.6 

'm' 

198.3 

"72:2" 

"27r 

"250" 

^92T 

32 

30.1 

10.9 

92 

86.5 

31.5 

62 

142.8 

62.0 

12 

199. 2 

72.5 

72 

255.6 

93.0 

83 

81.0 

11.3 

93 

87.4 

31.8 

63 

143.6 

62.8 

13 

200.2 

72.9 

73 

256,6 

93.4 

34 

81.9 

11.6 

94 

88.3 

32.1 

54 

144.7 

62.7 

14 

201.1 

73.2 

74 

257.6 

93.7 

35 

32.9 

12.0 

95 

89.3 

32.5 

56 

145.7 

63.0 

15 

202.0 

73.6 

75 

258.4 

94.1 

86 

33. « 

12. » 

96 

90.2 

82.8 

56 

146.6 

53.4 

16 

203.0 

73.9 

76 

259.4 

94.4 

87 

84.8 

12.7 

97 

91.2 

33.2 

57 

147.6 

63.7 

17 

203,9 

74.2 

77 

260,3 

94.7 

36 

35.7 

18.0 

98 

92.1 

33.5 

58 

148.5 

64.0 

18 

204,9 

74.6 

78 

261,2 

95.1 

89 

36.6 

13.  S 

99 

38.9 

59 

149.4 

54.4 

19 

205.8 

74,9 

79 

262.2 

95.4 

40 

37.6 

13.7 

100 

94!  0 

34.2 

60 

160.4 

64.7 

20 

206.7 

75.2 

80 

283.1 

95.8 

41 

38.5 

14.0 

Tor 

94.9 

"SO" 

Ter 

151.3 

65.1 

"22r 

207,7 

"7576 

281 

264.1 

96.1 

42 

89.5 

14.4 

02 

95.8 

34.9 

62 

152.2 

56.4 

22 

208.6 

75.9 

266,0 

00.4 

43 

40.4 

14.7 

08 

96.8 

35.2 

163.2 

55.7 

23 

209.6 

76.3 

S3 

265,9 

96.  S 

44 

41.3 

16.0 

04 

97.7 

36.6 

64 

154.1 

66.1 

24 

210,6 

76.6 

84 

266.9 

97.1 

46 

42.3 

16.4 

06 

98.7 

35.9 

65 

155.0 

56.4 

26 

211,4 

77.0 

86 

267.8 

07.6 

46 

43.2 

15.7 

06 

99.6 

3S.3 

66 

156.0 

66.8 

26 

212,4 

77.3 

86 

288.8 

97.8 

47 

44.2 

16.1 

07 

100.5 

38.6 

67 

166.9 

67.1 

27 

213.3 

77.6 

87 

269.7 

es.2 

48 

45.1 

16.4 

08 

101.5 

36.9 

68 

157.9 

57.5 

28 

214,2 

78.0 

88 

270.6 

08.6 

49 

46.0 

16.8 

09 

102.4 

37.3 

69 

15^.8 

57.8 

29 

216.2 

78.3 

89 

271.8 

98.6 

60 

47.0 

17.1 

10 

03.4 

37.6 

70 

159.7 

30 

216.1 

78.7 

90 

272.5 

99.2 
99.6 

51 

47.9 

17.4 

irr 

04.3 

MTO 

m" 

160.7 

TO- 

231 

217,1 

-79:0" 

278.6 

52 

48.9 

17,8 

12 

05.2 

38.3 

72 

161.6 

68.8 

32 

218.0 

79.3 

92 

274.4 

99.9 

53 

49.8 

18.1 

13 

106.2 

38.6 

73 

162.6 

69.2 

33 

218.9 

79.7 

93 

276.3 

100.2 

54 

50.7 

18.5 

14 

107.1 

39.0 

74 

163.5 

59.6 

84 

219.9 

80.0 

94 

276.3 

100.6 

56 

51.7 

IS.  8 

15 

108.1 

39.3 

75 

164.4 

59.9 

36 

220.8 

80.4 

96 

277.2 

100.9 

66 

52.6 

19.2 

16 

109.0 

89.7 

76 

166.4 

60.2 

36 

221.8 

80.7 

06 

278.1 

101.2 

67 

53.6 

19.6 

17 

109.9 

40.0 

77 

166.3 

60.5 

87 

222.7 

81.1 

97 

279.1 

101.6 

58 

64.5 

19.8 

18 

no.  9 

40.4 

78 

167.3 

60.9 

38 

223.6 

61.4 

99 

280.0 

101.9 

69 

55.4 

20.2 

19 

111.8 

40.7 

79 

168.2 

61.2 

39 

224.6 

81.7 

99 

281.0 

102.3 

60 

56.4 

20.6 

20 

112.8 

41.0 

80 

169.1 

61.6 

40 

226.5 

82.1 

300 

281,9 

102.6 

'dm. 

Dbp. 

L4I. 

Dirt. 

D.P. 

IM. 

Dint. 

Dep. 

L»t. 

DirtT 

D*p. 

ikt. 

DlK, 

DBp. 

I«t 

0"  (110°,  260 

»,  290" 

). 
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TABLE  2.                                        [Pag«  671 

Diltenmce  of  latitude  and  Deputni^  for  £0"  (100°,  900°,  340°). 

Mit. 

Lat. 

DW. 

DW. 

IM. 

D.5.. 

DIM. 

l*t. 

Dep. 

DIM. 

Lat. 

Dep. 

DM. 

IM. 

Dep. 

SQl 

282.9 

108.0 

361 

339.2 

123.6 

421 

396.9 

144.0 

481 

452.0 

164.5 

641 

608.4 

186.0 

02 

283.8 

103.3 

62 

S40.2 

123.8 

22 

396.9 

144.3 

82 

468.0 

164.8 

42 

509.8 

186.4 

03 

284.7 

103.6 

63 

341.1 

124.2 

23 

397.6 

144.7 

83 

453.9 

195.2 

43 

510.3 

186.7 

04 

285.7 

104.0 

64 

342.1 

124.5 

24 

398.4 

146.0 

84 

464.8 

166.5 

44 

511.2 

186.0 

06 

286.6 

104.3 

66 

343.0 

124.8 

26 

399.4 

146.4 

86 

456.8 

165.9 

46 

612.1 

189.4 

06 

287.6 

104.7 

66 

343.9 

126.2 

26 

400.3 

146.7 

86 

456.7 

166.3 

46 

613.1 

186.8 

07 

288.5 

105.0 

67 

344.9 

125.5 

27 

401.3 

146.1 

87 

467.7 

166.6 

47 

614.0 

187.1 

OB 

106.4 

68 

346.8 

126.9 

28 

402.2 

149.4 

88 

458.6 

166.9 

48 

615.0 

187.4 

09 

290!4 

106.7 

69 

346.8 

126.2 

29 

403.1 

146.7 

89 

469.6 

167.3 

49 

616.9 
619.8 

187.8 

10 

291.3 

106.0 

70 

347.7 

126.6 

30 

404.1 

147.1 

90 

490.6 

167.7 

60 

188.2 

Sir 

■2ffi:3- 

106.4 

37r 

348.6 

126.9 

WT 

406.0 

147.4 

WT 

491.4 

168.0 

WT 

"510" 

188.5 

12 

293.2 

106.7 

72 

340.6 

127.2 

32 

406.0 

147.8 

92 

462.4 

168.3 

52 

518.7 

188.8 

294.1 

107.1 

73 

350.6 

127.6 

33 

406.9 

148.1 

93 

463.3 

168.9 

63 

519. 7 

189.1 

295.1 

107.4 

74 

351.6 

127.9 

34 

407.8 

148.4 

94 

494.2 

168.9 

64 

520.9 

189.4 

296.0 

107.7 

75 

362.4 

128.3 

35 

408.8 

148.8 

96 

465.2 

169.3 
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154,6 

■49r 

468.4 

176.0 

"65r 

514.4 

197.5 

2 

291.3 

111.8 

72 

347.3 

133.3 

32 

403.3 

154,8 

92 

459.3 

176.3 

52 

615.4 

197.8 

13 

292.2 

112.2 

73 

348.2 

133.7 

33 

404.2 

166.2 

93 

460,2 

176.7 

63 

616.3 

10&2 

14 

293.1 

112.5 

74 

349.1 

134.0 

34 

406.2 

165.6 

94 

461.2 

177.0 

64 

517.2 

198.6 

15 

294.1 

112.9 

76 

360,1 

134.4 

35 

406.1 

156.0 

95 

462,1 

177.4 

55 

618,2 

196.9 

16 

296.0 

113.2 

76 

361,0 

134.7 

36 

407.0 

156.3 

96 

463,0 

177.8 

66 

519.1 

109.3 

17 

296.9 

113.6 

77 

851.9 

136.1 

37 

408.0 

156.6 

97 

464.0 

178.1 

67 

520.0 

190.6 

18 

296.9 

114.0 

78 

352.9 

136.6 

38 

408.9 

157.0 

98 

464.9 

178.6 

58 

621.0 

200.0 

10 

297.8 

114.3 

79 

363.8 

136.8 

39 

409.8 

157.3 

99 

465,8 

178.8 

59 

621.9 

200.3 

20 

298.7 

114.7 

80 

354,7 

36.2 

_«. 

410.8 

167.7 

600 

466.8 

179.2 

60 

522.8 

200.7 

W 

299.7 

115.0 

-ssT 

355.7 

36.5 

441 

411.7 

168.0 

"5or 

"46777" 

179.6 

"mT 

6-23,8 

201.0 

22 

300.6 

115.4 

82 

366.6 

36.9 

42 

412.6 

158,4 

02 

468.6 

179.9 

62 

524.7 

201.4 

23 

301.6 

115.8 

367.5 

137.3 

43 

413.6 

168.8 

03 

469.6 

180.3 

626.6 

201.8 

24 

302.6 

116.1 

84 

358.6 

137.6 

44 

414.5 

169.1 

04 

470.5 

180.6 

64 

526.6 

202.1 

25 

303.4 

118.6 

86 

359.4 

138.0 

45 

415.4 

159,6 

06 

471.6 

181.0 

65 

627.5 

202.6 

26 

304.3 

116.8 

86 

360.3 

138.3 

46 

416.4 

169.8 

06 

472.4 

181.3 

66 

528.4 

202.8 

27 

306.3 

117.2 

87 

361.3 

138.7 

47 

417.3 

160.2 

07 

473.3 

181.7 

67 

520.4 

203.2 

28 

306.2 

117.6 

88 

362,2 

139.1 

48 

418.2 

160.6 

08 

474,3 

182.0 

68 

630.3 
531.2 

203.5 

29 

307.1 

117.9 

89 

363.1 

139.4 

49 

419.2 

1«),9 

09 

475.2 

182.4 

69 

203.9 

30 

308.1 

118.3 

90 

364.1 

139.8 

50 

420.1 

161.3 

10 

476.1 

82.8 

70 

632.2 

204.3 

309.0 

118.6 

"mt 

366.0 

1401 

mr 

421.0 

161.6 

"sir 

"iTTX 

83.1 

'mr 

"630" 

204.6 

32 

309.0 

119.0 

92 

365,9 

140.6 

62 

422.0 

162.0 

478,0 

83.6 

72 

634.0 

205. 0 

33 

310.9 

119.3 

93 

366.9 

140.8 

63 

422.9 

162.3 

478.9 

183.8 

73 

635.0 

205.4 

34 

311.8 

119.7 

94 

367.8 

141.2 

64 

423.8 

162.7 

479.9 

184.2 

74 

636.9 

206.7 

35 

312.7 

120.1 

95 

368.7 

141.6 

66 

424.8 

163.1 

480.8 

184.6 

75 

536.8 

206.1 

36 

313.7 

120.4 

96 

369.7 

141.9 

56 

425.7 

163.4 

481.7 

184.9 

76 

637.8 

206.4 

37 

314.6 

120.8 

97 

370.6 

142.3 

57 

426.6 

163,8 

482.7 

186.3 

77 

638.7 

206.8 

38 

316.5 

121.1 

98 

371.5 

142.6 

68 

427.6 

164,1 

483,6 

185.6 

78 

639.6 

207.1 

39 

316.6 

121.6 

99 

372.5 

143.0 

69 

428.6 

164,5 

464.6 

186.0 

79 

640.6 

207.5 

40 

317.4 

121.8 

400 

373.4 

143.4 
143. 7 

60 
46r 

429.4 
430.4- 

164.9 

165.2 

20 

"mT 

485.6 
486.4 

186.4 
186.7 

80 
581 

541.6 
"6^4" 

207.9 

MT 

318.3 

122.2 

401 

374.3 

208.2 

42 

319.3 

122.6 

375.3 

144.1 

62 

431.3 

165.6 

22 

487,3 

187.1 

82 

643,4 

208.6 

43 

320.2 

122.9 

03 

376,2 

144.4 

63 

432.2 

166.9 

23 

488.3 

187.4 

83 

544,3 

206.9 

44 

321.1 

123. 2 

04 

377.1 

144.8 

64 

433.2 

166.3 

24 

489.2 

187.8 

84 

645.2 

209.3 

46 

322.1 

123.6 

05 

378.1 

146.1 

65 

434.1 

166.6 

26 

490.1 

188.1 

85 

646.2 

209.6 

46 

323.0 

124.0 

06 

379.0 

145,6 

66 

435,0 

167.0 

26 

491.1 

188.6 

86 

647.1 

210.0 

47 

323.9 

124.4 

07 

379.9 

146.9 

67 

436.0 

167.4 

27 

492.0 

188.9 

87 

548.0 

210.4 

48 

324.9 

124.7 

08 

380.9 

146.2 

68 

436.9 

167.7 

492.9 

189.2 

88 

649.0 

210.7 

49 

325.8 

126.1 

09 

381.8 

146.6 

69 

437.8 

168,1 

20 

493.9 

189.6 

89 

649.9 

211.1 

60 

326.7 

125.4 

10 

382.7 

146,9 

70 

438.8 

168.4 

30 

494.8 

189.9 

90 

650.8 

211.4 

m' 

327.7 

125.6 

411 

383.7 

147.3 

47r 

-mrr 

168.8 

531 

'495:T 

190.3 

"59r 

551.8 

211.8 

328.6 

126.1 

12 

384.6 

147.7 

72 

440.6 

169.2 

32 

496,7 

190.7 

92 

562.7 

212.2 

63 

329.5 

126.5 

13 

385.6 

148.0 

73 

441.6 

1B9.6 

33 

497.6 

191.0 

93 

653.6 

212.6 

54 

330.6 

126.9 

14 

386.5 

148.4 

74 

442.5 

169.9 

34 

498.6 

191.4 

94 

664.6 

212.9 

65 

331.4 

127.2 

16 

387.4 

148,7 

76 

443.4 

170.2 

35 

499.5 

191.7 

96 

666.5 

218.2 

66 

832.8 

127.6 

16 

388.4 

149.1 

76 

444.4 

170.6 

36 

600.4 

192.1 

96 

566.4 

213.6 

57 

333.3 

127.9 

17 

389.8 

149.4 

77 

446.3 

170.9 

37 

501.3 

192.4 

97 

557.4 

213.0 

68 

334.2 

128.3 

18 

390.2 

149.8 

78 

446.2 

171.8 

38 

802.3 

192.8 

668.2 

214.3 

59 

336.1 

128.7 

19 

391.2 

150.2 

79 

447.2 

171.7 

39 

fi03.2 

193.2 

99 

559.2 

214.7 

80 

336.1 

129.0 

20 

392.1 

160.6 

80 

448.1 

172.0 

40 

504.1 

193.5 

600 

560.1 

215.0 

DW.       Dep. 

Lkt. 

w: 

Dep, 

L>t. 

WrtT 

Dep. 

Lat. 

DtaT 

Dep. 

Ut. 

Dirt. 

Dep. 

lA.. 

• 
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TABLE  2. 

. 

DIM. 

Lot. 

D«^ 

DW. 

Ut. 

Dep. 

DIM. 

LM. 

Dep. 

Dtot. 

Lftt. 

Dep. 

DM. 

Ut. 

Dep. 

1 

0.9 

0.4 

61 

66.6 

22.9 

121 

112.2 

45.3 

181 

167.8 

67.8 

241 

223.5 

9as 

2 

1.9 

0.7 

62 

57.6 

23.2 

22 

113.1 

46.7 

82 

168.7 

68.2 

42 

224.4 

9a7 

3 

2:8 

1.1 

63 

58.4 

23.6 

23 

114.0 

46.1 

83 

169.7 

68.6 

43 

226.3 

91.0 

4 

3.7 

1.5 

64 

59.3 

24.0 

24 

115.0 

46.  S 

B4 

170.6 

68.9 

44 

226.2 

91.4 

C 

4.6 

1.8 

65 

60.3 

24.3 

25 

115.9 

46.8 

86 

171.5 

69.3 

45 

227.2 

91.8 

6 

5.6 

2.2 

66 

61.2 

24.7 

26 

116.8 

47.2 

86 

172.6 

69.7 

46 

92.2 

7 

6.6 

2.6 

67 

25.1 

27 

117.8 

47.6 

87 

178.4 

70.1 

47 

229.0 

92.5 

8 

7.4 

3.0 

68 

63!  0 

26.5 

28 

U8.7 

47.9 

174.3 

70.4 

48 

229.0 

92.9 

g 

8.3 

3.4 

69 

64.0 

26.8 

2» 

119.6 

48.3 

89 

175.2 

70.8 

49 

230.9 

93.3 

10 

9.3 

3.7 

70 

64.9 

26.2 

30 

120,6 

48.7 

_?o. 

176.2 

71.2 

60 

231.8 

93.7 

TT 

10.2 

4.1 

71 

66.8 

26.6 

131 

121.5 

49.1 

191 

TtTT 

71.5 

"26r 

232.7 

94.0 

12 

11.1 

4.6 

72 

66.8 

27.0 

32 

122.4 

49.4 

92 

178.0 

71.9 

52 

233.7 

94.4 

13 

12.1 

4.9 

73 

67.7 

27.3 

33 

123.3 

49.8 

93 

178.9 

72.3 

53 

234.6 

94.8 

14 

13.0 

6.2 

74 

68.6 

27.7 

34 

124.2 

60.2 

94 

179.9 

72.7 

54 

236.6 

«6.-2 

15 

13.9 

6.6 

75 

69.6 

28.1 

35 

IK.  2 

50.6 

96 

180.8 

73.0 

66 

236.4 

96.6 

16 

14.8 

6.0 

76 

70.6 

28.6 

36 

126.1 

60.9 

96 

181.7 

73.4 

56 

237.4 

06.9 

17 

16.8 

6.4 

77 

71.4 

28.8 

37 

127.0 

51.3 

97 

182.7 

73.8 

67 

96.3 

18 

18.7 

6.7 

78 

72.3 

29.2 

38 

128.0 

61.7 

98 

183.6 

74.2 

58 

239.2 

96.6 

19 

17.6 

7.1 

79 

73.2 

29.6 

39 

128.9 

62.1 

99 

184.6 

74.6 

240.1 

97.0 

20 

18.5 

7.5 

SO 

74.2 

30.0 

40 

129.8 

52.4 

200 

186.4 

74.9 

60 

241.1 

67.4 

^r 

19.5 

7.0 

-gr 

76.1 

30.3 

141 

130.7 

-fiO- 

MT 

186.4 

76.3 

"26r 

242.0 

"90" 

22 

20.4 

8.2 

82 

76.0 

30.7 

42 

131.7 

63.2 

02 

187.3 

75.7 

62 

242.9 

98.1 

23 

21.3 

8.6 

83 

77.0 

31.1 

43 

132.6 

63.6 

03 

188.2 

76.0 

63 

243.8 

98.6 

24 

22.3 

9.0 

84 

77.9 

31.5 

44 

133.6 

63.9 

04 

189.1 

76.4 

64 

244.8 

98.9 

26 

23.2 

9.4 

85 

78.8 

31.8 

46 

134.4 

64.3 

05 

190.1 

76.8 

65 

245.7 

09.3 

26 

24.1 

9.7 

86 

79.7 

32.2 

46 

136.4 

64.7 

06 

191.0 

77.2 

66 

246.6 

96.6 

27 

».o 

10.1 

87 

80.7 

32.6 

47 

136.3 

55.1 

07 

191.9 

77.5 

67 

247.6 

100.0 

28 

26.0 

10.6 

88 

81.6 

33.0 

48 

137.2 

55.4 

08 

192.9 

77.9 

68 

248.6 

100.4 

29 

26.* 

10.9 

89 

82.5 

33.3 

49 

138.2 

65.8 

09 

193.8 

78.3 

69 

249.4 

100.8 

30 

27.8 

11.2 

90 

83.4 

33.7 

60 

139.1 

56.2 

10 

194.7 

78.7 

70 

250.  S 

101.1 

"ar 

28.7 

11.6 

~n 

84.4 

34.1 

TeT 

140.0 

■go- 

196.6 

"7970" 

27r 

261.3 

101.5 

32 

29.7 

12.0 

92 

66.3 

34.5 

140.9 

66.9 

12 

196.6 

79.4 

72 

252.2 

101.9 

30.6 

12.4 

03 

86.2 

34.8 

53 

HI.  9 

57.3 

13 

197.5 

79.8 

73 

253.1 

102.3 

34 

31.6 

12.7 

91 

87.2 

35.2 

54 

142.8 

57.7 

14 

198.4 

80.2 

74 

264.0 

102.6 

35 

32.6 

13.1 

95 

88.1 

35.6 

55 

143.7 

58.1 

16 

199.3 

80.5 

75 

255.0 

103.0 

36 

33.4 

13.6 

96 

89.0 

36.0 

56 

144.6 

68.4 

16 

200.3 

sao 

76 

256.9 

103.4 

37 

34.3 

13.9 

97 

89.9 

36.3 

57 

146.6 

58.8 

17 

201.2 

81.3 

77 

256.8 

103.8 

38 

35.2 

14.2 

98 

90.9 

36.7 

58 

146.5 

59.2 

18 

202.1 

81.7 

78 

257.8 

104.1 

39 

36.2 

14.6 

99 

91.8 

37.1 

69 

147.4 

59.6 

19 

203.1 

82.0 

79 

258.7 

104.5 

40 

37.1 

16,0 

100 

92.7 

37.5 

60 

148.3 

59.9 

20 

204.0 

82.4 

80 

259.6 

104.9 

^« 

38.0 

15.4 

101 

93.6 

37.8 

TbT 

149.3 

"srs" 

'mr 

204.9 

82.8 

281 

260.6 

106.  J 

42 

38.9 

16.7 

02 

94.6 

38. 2 

62 

150.2 

60.7 

22 

205.8 

83.2 

82 

261.6 

105. « 

43 

36.9 

16.1 

03 

95.6 

38.6 

63 

151.1 

61.1 

23 

206.8 

83.6 

S3 

262.4 

ioe.0 

44 

40.6 

16.6 

04 

96.4 

39.0 

64 

152.1 

61.4 

24 

207.7 

63.9 

84 

263.3 

106.4 

46 

41.7 

16.9 

05 

97.4 

39.3 

65 

163.0 

61.8 

26 

208.6 

84.3 

86 

264.2 

106.8 

46 

42.7 

17.2 

06 

98.3 

39.7 

66 

163.9 

62.  S 

26 

209.5 

84.7 

86 

265.2 

107.1 

47 

43.6 

17.6 

07 

99.2 

40.1 

67 

164.8 

62.6 

27 

210.6 

86.0 

87 

266.1 

107.5 

4S 

44.5 

18.0 

08 

100.1 

40.5 

68 

156.8 

62.9 

28 

211. 4 

86.4 

88 

267.0 

107.9 

4ft 

45.4 

18.4 

OO 

101.1 

40.8 

69 

166.7 

63.3 

29 

212.3 

85.8 

89 

268.0 

106.3 

60 

46.4 

18.7 

10 

102.0 

41.2 

70 

167.6 

63.7 

30 

213.3 

86.2 

90 

268.9 

108.6 

"ST 

47.3 

19.1 

111 

102.9 

41.6 

"M" 

168.6 

64.1 

231 

"214:T 

86.6 

"MT 

269.8 

iw:^ 

48.2 

19.5 

12 

103.8 

42.0 

72 

1S9.6 

64.4 

32 

216.1 

86.9 

92 

270.7 

109.4 

53 

49.1 

19.9 

13 

104.8 

42.3 

73 

160.4 

64.8 

33 

216.0 

87.3 

03 

271.7 

100.8 

54 

60.1 

20.2 

14 

106.7 

42.7 

74 

161.8 

65.2 

34 

217.0 

87.7 

94 

272.6 

uai 

66 

51.0 

20.6 

15 

ioe.6 

43.1 

75 

162.8 

66.6 

36 

217.9 

88.0 

95 

273.5 

110.6 

56 

51.9 

21.0 

16 

107.6 

43.5 

76 

163.2 

65.9 

36 

218.8 

88.4 

96 

274.4 

110,9 

57 

52.8 

21.4 

17 

106.5 

43.8 

77 

164.1 

66.3 

37 

210.7 

88.8 

97 

275.4 

Ul.S 

68 

53.8 

21.7 

18 

109.4 

44.2 

78 

165.0 

66.7 

38 

220.7 

89.2 

98 

276.3 

111.6 

59 

64.7 

22.1 

19 

110.3 

44.6 

79 

166.0 

67.1 

39 

221.6 

89.6 

99 

277.2 

112.0 

60 

55.6 

22.6 

20 

111.3 

46.0 

80 

166.9 

67.4 

40 

222.5 

89.9 

300 

278.2 

118.4 

DM. 

Dep. 

IM. 

Dirt. 

Dep. 

Ut. 

Di«. 

Dep. 

Ut. 

DM. 

D«p. 

Ut. 

DM. 

Dep. 

Ul 
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TABLE  9.                                        [Page  575 

Difference  of  Latitiide  and  Depwtore  fw  22°  (168',  a02«,  338"). 

AM. 

LBt 

Dep. 

DIM. 

lAt. 

D«p. 

Dirt. 

Lat. 

Dep. 

Dsn. 

iML 

Dep. 

Dirt. 

IM. 

Dep 

301 

279.1 

112.7 

361 

334.7 

136.2 

421 

390.3 

167.7 

481 

446.0 

180.2 

541 

501.6 

202. 

02 

280.0 

113. 1 

62 

^5.6 

135.6 

22 

391.3 

158.1 

82 

446.9 

180.6 

42 

602.5 

203. 

03 

280.9 

113.6 

336.6 

136.0 

392.2 

158.4 

447.8 

180.9 

43 

503.4 

203. 

01 

281.  e 

113.9 

84 

337.6 

136,3 

24 

168.8 

84 

448.8 

181.3 

44 

604.4 

203. 

06 

114.2 

65 

338.4 

136.7 

25 

394^1 

159.2 

85 

449.7 

181.7 

45 

605.3 

204. 

06 

283!? 

114.6 

66 

339.3 

137.1 

26 

395.0 

159.6 

86 

450.6 

182.1 

46 

506.2 

204. 

07 

284.6 

115.0 

67 

340.3 

137.5 

27 

395.9 

159.9 

87 

451,6 

182,4 

47 

507.2 

2(K. 

08 

285.6 
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446,4 

189.5 

45 

601.7 

213.0 

08 

281.7 

lis.  6 

66 

336.9 

143,0 

26 

392,1 

166.5 

86 

447.3 

46 

502.6 

213.4 

07 

282.6 

120.0 

67 

337.8 

143,4 

27 

393,1 

166.8 

87 

448,3 

19012 

47 

503.5 

213.8 

08 

283.5 

120.4 

33S.7 

143,8 

28 

394.0 

167,2 

88 

440,2 

190.6 

48 

604,4 

214.2 

09 

284.4 

120.8 

144.2 

29 

394.9 

167.6 

89 

450.1 

191.0 

49 

505.3 

214.6 

10 

285.4 

121.2 

70 

340.6 

144.6 

30 

395.8 

168.0 

90 

451.0 

191.4 

50 

506.3 

215.0 

3ir 

286.3 

121.6 

"37r 

341.5 

14570 

"iST 

"396T 

leO 

"49r 

451.9 

191.8 

"55r 

607.2 

215.3 

12 

287.2 

121.9 

72 

342.4 

146.4 

32 

397.7 

168.8 

92 

462.9 

192.2 

52 

508,1 

215.6 

13 

122.3 

73 

343.4 

145.7 

33 

398.6 

169.2 

453. 6  ;  192.  6 

53 

509.0 

216.0 

14 

28910 

122.7 

74 

344.3 

146,1 

34 

399.5 

169.6 

94 

454.7 

103.0 

54 

509.9 

216.4 

15 

290.0 

123.1 

75 

345.2 

146.6 

35 

400,4 

170.0 

95 

465.6 

193.4 

55 

510,9 

216.8 

16 

290.9 

123.5 

76 

s?:; 

146.9 

36 

401,3 

170.4 

96 

456,6 

193.8 

56 

611,8 

217.2 

17 

291.8 

123.9 

77 

147.3 

37 

402,3 

170.8 

97 

457.5 

194.2 

57 

512.7 

217.6 

18 

292.7 

124.3 

78 

348.0 

147,7 

38 

403,2 

m.i 

98 

468.4 

194.6 

68 

513.6 

218.0 

19 

293.6 

124.6 

79 

348.9 

148.1 

39 

404,1 

171.5 

99 

459.3 

196,0 

59 

614.5 

218.4 

20 

294.6 

125.0 

80 

349.8 

148,5 

40 

405,0 

171.9 

500 

460.2 

195.4 

60 

615.6 

218.8 

MO" 

125.4 

"38r 

350.7 

148,9 

405,9 

172-3 

"6or 

461.2 

195.8 

-mr 

516.4 

219.2 

22 

296.4 

125.8 

82 

351.6 

149,3 

42 

406,9 

172.7 

02 

462.1 

196,2 

62 

517.3 

219.6 

23 

297.3 

126.2 

83 

149.7 

43 

407.8 

173.1 

03 

463.0 

196.6 

63 

618.2 

220.0 

24 

298.2 

126.6 

84 

353.5 

150.0 

44 

408,7 

173.5 

04 

463.9 

107.0 

64 

519.2 

220.4 

26 

299.2 

127.0 

86 

354.4 

160,4 

46 

409,6 

173.9 

05 

464.9 

197,4 

65 

620.1 

220.8 

26 

300.1 

127.4 

86 

355.3 

150,8 

46 

410.5 

174.3 

06 

466.8 

197.8 

66 

521.0 

221.2 

27 

301.0 

127.8 

87 

366.2 

151,2 

47 

411.5 

174.7 

07 

466.7 

198,1 

67 

521.9 

221.6 

28 

301.9 

128.2 

88 

357.2 

161.6 

48 

412.4 

175.1 

08 

467.6 

198.6 

68 

522.8 

222.0 

29 

302.8 

128.6 

152.0 

49 

413,3 

175,4 

09 

468,6 

198.8 

69 

523.8 

222.3 

30 

303.8 

128.9 

90 

359!  0 
'350" 

152,4 
ISO 

50 
451 

414,2 
41672 

175.8 

10 

469.5 

199.3 

70 

524.7 

222.7 

KT 

-mrr 

129.3 

■39r 

176.2 

"Sir 

470.4 

199.7 

"57r 

525.6 

-mr 

32 

305.6 

129.7 

92 

360.8 

153.2 

52 

416,1 

176.6 

12 

471.3 

200,0 

72 

626.6 

223.4 

33 

306.5 

130.1 

93 

361.8 

153.6 

53 

417.0 

177.0 

13 

472.2 

200,4 

73 

527,4 

223.8 

M 

307.5 

130,5 

94 

362.7 

154.0 

54 

417.9 

177.4 

14 

473.1 

200.8 

74 

528,4 

224,2 

36 

308.4 

130.9 

95 

363.6 

154.3 

65 

418,8 

177.8 

15 

474.0 

201,2 

76 

520,3 

224,6 

36 

309,3 

131.3 

96 

364.5 

154.7 

56 

419.8 

178.2 

16 

475.0 

201,6 

76 

630,2 

225,0 

37 

310.2 

131.7 

97 

365.4 

155.1 

57 

420.7 

178.6 

17 

475.9 

202.0 

77 

531,1 

225,4 

38 

311.1 

132.1 

98 

366.4 

156,5 

68 

421,6 

179.0 

18 

476.8 

202,4 

78 

532,0 

226.8 

39 

312.1 

132.5 

367.3 

155.9 

59 

422.5 

179.4 

19 

477.7 

202,8 

79 

533,0 

226.2 

40 

313.0 

32.9 

400 

leHVf 

156.3 

60 

423,4 
"4-2474" 

179.7 

20 

478.6 

203,2 

80 

533,9 

226.6 

Tsr 

313.9 

^O 

loT 

156.  7 

leT 

1807! 

"52r 

479.6 

203,6 

"58r 

534,8 

227.0 

42 

314.8 

33.6 

02 

370.0 

157,1 

62 

426,3 

180.6 

22 

480.5 

204,0 

82 

535,7 

227.4 

43 

315.7 

134.0 

03 

371.0 

157.5 

63 

426,2 

180.9 

23 

481.4 

204,4 

636.6 

227.8 

44 

316.7 

134.4 

04 

371.9 

157.9 

64 

427,1 

181.3 

24 

482.3 

204,8 

84 

537,6 

228.2 

4fi 

317.6 

134.8 

05 

372.8 

158.3 

66 

428,0 

181.7 

25 

483.2 

205,2 

86 

638.5 

46 

318.5 

135.2 

06 

373.7 

158.6 

66 

429,0 

182.1 

26 

484.2 

205,5 

86 

639,4 

22910 

47 

319.4 

135.6 

07 

374.6 

IS9.0 

67 

429,9 

182.6 

27 

485.1 

205.9 

87 

540.3 

229.4 

48 

320.3 

136.0 

08 

375, 6 

159,4 

68 

430.8 

182.9 

28 

486.0 

206,3 

541,2 

229.8 

49 

321.3 

136.4 

09 

376.5 

169,8 

69 

431,7 

183.3 

29 

486.9 

206,7 

542,2 

230.2 

50 
35r 

322.2 

136.8 

10 

377,4 
378. 3" 

160.2 

Teora" 

70 

432,6 

183.7 

30 

487.8 

207,1 

90 

543,1 

230.6 

323.  r 

433.9 

184.0 

"53r 

488.8 

207.4 

■59r 

544,6' 

231.0 

52 

324.0 

137.5 

12 

379.3 

161.0 

72 

434.6 

184.4 

32 

489.7 

207,8 

92 

544,9 

231.3 

63 

324.9 

137.9 

13 

380.2 

161.4 

73 

436,4 

184.8 

33 

490.6 

208,2 

646.8 

231.7 

54 

325.9 

138.3 

14 

381.1 

161.8 

74 

436,3 

185.2 

34 

491.5 

208.6 

94 

646,8 

232.0 

55 

326.8 

138.7 

16 

382.0 

162.2 

75 

437,2 

185.6 

35 

492,5 

209.0 

95 

547,7 

66 

327.7 

139.1 

16 

382.9 

162.5 

76 

438,2 

186.0 

36 

493.4 

209,4 

96 

648,6 

232!  8 

57 

328.6 

139.5 

17 

383.9 

162.9 

77 

439,1 

186.4 

37 

494.3 

209.8 

97 

649.0 

233.2 

58 

329,5 

139.9 

18 

384.8 

163.3 

78 

440.0 

186.8 

38 

495.2 

210,2 

98 

550.4 

233.6 

69 

330.5 

140.3 

19 

385.7 

163.7 

79 

440,9 

187.2 

39 

496.1 

210,6 

99 

551.3 

234.0 

60 

331.4 

140.7 

20 

386.6 

164.1 

80 

441,8 

187.6 

40 

497.1 

211.0 

600 

552.3 

234.4 

WW. 

Dep. 

ut. 

Dlst. 

Dep. 

Ut. 

Dfst. 

Dop, 

LhI. 

DIst. 

Dep. 

Lai. 

DIM. 

Dep. 

I*L 

67''(113'',  247 

,  293° 

1 
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TABLE  a. 

Diifennce  of  LatJtade  and  Departure  for  24 

(166',204",336«). 

DM. 

L>t. 

Dip. 

DM. 

IM. 

Dep. 

DIM. 

Ltt. 

D*p. 

Dlgt. 

1*1. 

Dep. 

DtaL 

Ut. 

Dep. 

1 

0.9 

0.4 

61 

65.7 

24.8 

121 

110.6 

49.2 

181 

165.4 

73.6 

241 

220.2 

98.0 

2 

1.8 

0.8 

62 

66.6 

25.2 

22 

111.5 

49.6 

82 

166,3 

74,0 

42 

221.1 

98.4 

3 

2.7 

1.2 

83 

57.6 

25.6 

23 

112.4 

50.0 

83 

187.2 

74.4 

43 

222.0 

98.6 

4 

3.7 

1.6 

64 

58.5 

26.0 

24 

113.3 

60.4 

84 

168.1 

74.8 

44 

222.9 

99.2 

6 

4.6 

2.0 

65 

69.4 

26.4 

26 

114.2 

60.8 

85 

169.0 

75.2 

45 

223.8 

99.7 

6 

6.6 

2.4 

66 

60.3 

26.8 

26 

115.1 

51.2 

86 

169.9 

76.7 

46 

224.7 

100.1 

7 

6.4 

2.8 

87 

61.2 

27.3 

27 

116.0 

51.7 

87 

170.8 

76.1 

47 

226.6 

100.5 

8 

7.3 

3.3 

62.1 

27.7 

116.9 

52.1 

88 

m.7 

76.5 

46 

226.6 

100.9 

9 

8.2 

3.7 

69 

63.0 

28.1 

29 

117.8 

52.6 

89 

172.7 

76.9 

49 

227.5 

101.3 

10 

"IT 

9.1 

4.1 

70 

63.9 

28.6 

30 

118.8 

52.9 
"53:3" 

00 

173.8 

77.3 

60 

228.4 

101.7 

10.0 

4.5 

-tT 

84.9 

28.9 

lar 

119.7 

ToT 

174.5 

"ttTt- 

"26r 

Kory 

102.1 

12 

11.0 

4.9 

72 

65.8 

29.3 

32 

120.6 

63.7 

92 

175.4 

78.1 

52 

230.2 

102.5 

13 

11.9 

5.3 

73 

66.7 

29.7 

33 

121.6 

54.1 

93 

176.3 

78.5 

53 

231.1 

102.9 

14 

12.8 

6.7 

74 

67.6 

30.1 

34 

122.4 

64.5 

94 

177.2 

78.9 

54 

232.0 

103.3 

16 

13.7 

6.1 

75 

68.5 

30.5 

36 

123.3 

54.9 

95 

178.1 

79.8 

55 

233.0 

103.7 

16 

14.6 

6.5 

76 

69.4 

30.9 

36 

124.2 

65.3 

96 

179.1 

79.7 

66 

233.8 

104.1 

17 

16.5 

6.9 

77 

70.3 

31.3 

37 

125.2 

55.7 

97  1  180.0- 

80.1 

67 

234.8 

104.6 

18 

16.4- 

7.3 

78 

71.3 

31.7 

38 

126.1 

66.1 

98  i  180.8 

80.6 

58 

236.7 

104.9 

19 

17.4 

7.7 

79 

72.2 

32.1 

127.0 

56.6 

99  1  181.8 

80.9 

59 

236.6 

106.3 

20 

18.3 

8.1 

80 

73.1 
^4.0" 

32.5 
-32.-9" 

40 
141 

127.9 

58.9 

200 

182,7 

81.3 

60 

237.5 

105.8 

~2r 

-1972" 

8.6 

81 

128.8 

57.3 

■2or 

183.8 

bl.8 

Mr 

238,4 

106.2 

22 

20.1 

8.9 

82 

74.9 

33.4 

42 

129.7 

57.8 

02 

184.5 

82.2 

62 

238.3 

106.6 

23 

21.0 

9.4 

75.8 

43 

130.6 

68.2 

03 

185.4 

82.6 

63 

240.3 

107.0 

24 

21.9 

9.8 

84 

76.7 

34.2 

44 

131.6 

58.6 

04 

186.4 

83.0 

64 

241.2 

107.4 

25 

22.8 

10.2 

85 

77.7 

34.6 

45 

132.6 

59.0 

05 

187.3 

83.4 

66 

242.1 

107.8 

26 

23.8 

10.6 

86 

78.6 

35.0 

46 

133.4 

59.4 

06 

188.2 

83,8 

66 

243.0 

108.2 

27 

24.7 

11.0 

87 

79.5 

35.4 

47 

134.3 

59.8 

07 

189.1 

84.2 

67 

243.9 

108.6 

28 

25.6 

11.4 

80.4 

35.8 

46 

135.2 

60.2 

08 

190.0 

84.8 

68 

244.8 

109.0 

29 

26.5 

11.8 

89 

81.3 

36.2 

49 

136.1 

60.6 

09 

190.9 

85.0 

69 

245.7 

109.4 

30 

27.4 

12.2 

90 

82.2 

36.6 

50 

137.0 

61.0 

10 

191.8 

66.4 

70 

246,7 

109.8 

"sT 

28.3 

12.6 

~9r 

83.1 

"STro" 

lET 

137.9 

bl.4 

^iT 

192.8 

"85T 

"27r 

"24776" 

110.3 

32 

29.2 

13.0 

92 

84.0 

37.4 

52 

138.9 

61.8 

12 

193.7 

86.2 

72 

248.5 

110.6 

30.1 

13.4 

93 

85.0 

37.8 

63 

139.8 

62.2 

13 

194.6 

86.8 

73 

249.4 

111.0 

34 

31.1 

13.8 

94 

86.9 

38.2 

64 

140.7 

62,6 

14 

195.5 

87,0 

74 

260.3 

111.4 

36 

32.0 

14.2 

95 

86.6 

38.6 

55 

141.6 

63.0 

15 

196.4 

87.4 

75 

251.2 

111.9 

36 

32.9 

14.6 

96 

87.7 

39.0 

56 

142.6 

63.5 

16 

197.3 

87.9 

76 

252.1 

112.3 

37 

33.8 

15.0 

97 

68.6 

39.6 

67 

143.4 

63,9 

17 

198.2 

77 

253.1 

112.7 

38 

34.7 

16.6 

98 

89.6 

39.9 

56 

144.3 

64.3 

18 

199,2 

ss!? 

78 

254.0 

113.1 

39 

36.6 

15.9 

99 

90.4 

40.3 

59 

145.3 

64.7 

19 

200.1 

89.1 

79 

254,9 

113.5 

40 
41 

16.3 

100 

91.4 

-92:3" 

40.7 

60 

146.2 
147.1 

65.1 

20 

201.0 

89.6 

80 

255.8 

113.9 

37.6 

16".  7' 

101 

41.1 

161 

65.5 

"22r 

■201. 9 

89.9 

281 

256.7 

114.3 

42 

38.4 

17.1 

93.2 

41.6 

62 

148.0 

65.9 

22 

90.3 

82 

257.6 

114.7 

43 

39.3 

17.6 

03 

94.1 

41.0 

63 

14fl.9 

66.3 

23 

203.7 

00.7 

83 

258.5 

115.1 

44 

40.2 

17.9 

04 

96.0 

42.3 

64 

149.8 

66.7 

24 

204.6 

91.1 

84 

259.4 

115.5 

45 

41.1 

18.3 

05 

95.9 

42.7 

65 

150.7 

67.1 

26 

2ffi,6 

91.6 

85 

260,4 

115.9 

46 

42.0 

18.7 

06 

96.8 

43.1 

86 

151.6 

87.5 

26 

*206.5 

91.8 

86 

261.3 

116.3 

47 

42.9 

19.1 

07 

97.7 

43.5 

67 

152.6 

67.9 

27 

207.4 

92.3 

87 

262.2 

116.7 

48 

43.9 

19.5 

08 

98.7 

43.9 

68 

163.5 

68.3 

92.7 

88 

253.1 

117.1 

49 

44.8 

19.9 

09 

99.6 

44.3 

69 

164.4 

88.7 

20 

209.2 

89 

264.0 

117.5 

60 

45.7 

20.3 

10 

100.5 

44.7 

70 

1.56.3 

89.1 

30 

2tO.  1 

93^5 

90 

■29r 

264.9 

118.0 
118.4 

61 

46.6 

20.7 

111 

101.4 

45.1 

171 

156.2 

231 

"^211.0 

94.0 

285.8 

52 

47,6 

21.2 

12 

102.3 

45.6 

72 

157.1 

7o!o 

32 

21 U9 

W.4 

92 

266.8 

118.8 

53 

48.4 

21.6 

13 

103.2 

46.0 

73 

158.0 

70.4 

33 

212.9 

94.8 

93 

287.7 

119.2 

64 

49.3 

22.0 

14 

104.1 

46.4 

74 

1.59, 0 

70.8 

34 

213.8 

96.2 

94 

268.6 

119.6 

56 

60.2 

22.4 

15 

lft5.1 

46.8 

75 

159.9 

71r^ 

35 

214.7 

95.6 

95 

269,5 

120.0 

66 

51.2 

22.8 

16 

106.0 

47.2 

76 

160.8 

7178 

36 

215.6 

98.0 

96 

270.4 

120.4 

57 

52.1 

23.2 

17 

106.9 

47.6 

77 

161,7 

72.0 

37 

216.5 

96.4 

97 

271.3 

120.8 

68 

53.0 

23,6 

18 

107.8 

48.0 

78 

162.6 

72.4 

217.4 

96.8 

98 

272.2 

121.2 

69 

53.9 

24.0 

19 

108.7 

48.4 

79 

163.5 

72.8 

38 

218.3 

97.2 

99 

273.2 

121.6 

80 

54.8 

24.4 

20 

109.6 

48.8 

SO 

164.4 

73.2 

40 

219.3 

97.6 

300 

274.1 

122.0 

DIM. 

Dep. 

Let. 

^. 

Dep. 

Ut. 

DIM. 

Dcp. 

LflL 

Disl, 

Dep, 

Ut- 

Dirt. 

Dep. 

Lst 
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TABLE  2.                                         [Page  579 

Difierenoe  of  I*titnde  uid  Deputare  for  24°  (166',  204'',  SSa"). 

Dfct. 

IM. 

D«p, 

Din. 

Ut 

Dip. 

Dirt. 

Lat, 

Dep, 

Dtat. 

Lat. 

Dep, 

Dirt. 

Lat 

D«p. 

301 

275.0 

122.4 

361 

329.8 

146.8 

421 

384.6 

171.2 

481 

439.4 

195.6 

541 

494.2 

220.0 

02 

276.9 

122.8 

62 

330.7 

U7.2 

22 

385.6 

171.6 

82 

440.3 

196.0 

42 

496.1 

220.4 

03 

276.8 

123.2 

63 

331.6 

147.6 

23 

386.4 

172.1 

S3 

441.2 

196.6 

43 

496.0 

220.9 

04 

277.7 

123.7 

64 

332.5 

148.1 

24 

387.3 

172.5 

84 

442.1 

196.9 

44 

496.9 

221.3 

06 

278.6 

124.1 

66 

333.4 

148.6 

25 

388.2 

172.9 

85 

443.0 

197.3 

45 

497.8 

221.7 

06 

279.5 

124.6 

66 

334.3 

148.9 

26 

389.2 

173.3 

86 

444.0 

197.7 

46 

498.8 

222,1 

07 

280.4 

124.9 

67 

336.3 

149.3 

27 

390.1 

173.7 

S7 

444.9 

47 

499.7 

222.5 

08 

281.4 

126.3 

336.2 

149.7 

28 

391.0 

174. 1 

88 

446.8 

198.5 

48 

600.6 

222.9 

09 

282.3 

126.7 

eo 

337.1 

160.1 

29 

391.9 

174.6 

89 

446.7 

198.9 

49 

601,5 

223.3 

10 

126.1 

70 

338.0 

150.5 

30 

392.8 

174.9 

90 

447,6 

199.3 

60 

502,4 

223.7 

311 

284.1 

126.6 

371 

338.9 

150.9 

431 

393.7 

175.3 

-m- 

448,6 

199.7 

551 

503.4 

286.0 

126.9 

72 

339.8 

161.3 

32 

394.6 

175.7 

92 

449,6 

200.1 

604.3 

224!  6 

285.9 

127.  S 

73 

340.7 

151.7 

33 

395.6 

176.1 

93 

450,4 

200.5 

63 

506.2 

224.9 

286.8 

127.7 

74 

341.7 

162.1 

34 

396.5 

176.5 

94 

451.3 

200.9 

54 

506.1 

226.3 

287.8 

128.1 

75 

342.6 

162.6 

36 

397.4 

176,9 

95 

462,2 

201.3 

66 

607,0 

225.7 

288.7 

128.5 

76 

343.6 

162.9 

36 

398.3 

177.3 

96 

463.1 

201.7 

56 

507.9 

226.1 

128.9 

77 

344.4 

153.3 

37 

399.2 

177.7 

97 

454.0 

202.2 

57 

508.8 

226.6 

18 

290!6 

129.3 

78 

346.3 

163.7 

38 

400.1 

178,2 

98 

454.9 

202.6 

58 

609.7 

227.0 

Ifl 

291.4 

129.8 

79 

346.2 

164.2 

39 

401.0 

178,6 

99 

465.8 

203.0 

69 

610,6 

227.4 

20 

292.3 

130.2 

80 

347.1 

154.6 

40 

402.0 

179.0 

500 

466.6 

203.4 

60 

611.6 

227.8 

sn 

293.2 

130.6 

"seT 

348.1 

155.0 

441 

402.9 

179.4 

501 

457.7 

203.8 

mT 

612.5 

228,2 

22 

294.2 

131.0 

82 

349.0 

165.4 

42 

403,8 

179.8 

02 

458.8 

204.2 

62 

513.4 

228,6 

23 

295.1 

131.4 

S3 

349.9 

155.8 

43 

404.7 

180.2 

03 

469.6 

204.6 

63 

614,3 

229.0 

24 

296.0 

131.8 

84 

360.8 

166.2 

44 

406.6 

180.6 

04 

460.4 

205.0 

64 

615.2 

229.4 

25 

296.9 

132.2 

S5 

361.7 

166.6 

46 

406.6 

181.0 

05 

461.3 

206.4 

65 

516,1 

229.8 

26 

297.8 

132.6 

86 

352.6 

157.0 

46 

407.4 

181.4 

06 

462.2 

205,8 

66 

517.0 

230.2 

27 

298.7 

133.0 

87 

363.6 

157.4 

47 

408.3 

181.8 

07 

463.2 

206.2 

67 

618,0 

230.6 

28 

299.6 

133.4 

SS 

354.4 

167.8 

48 

409.3 

182.2 

08 

464.1 

206.6 

68 

518.9 

231.0 

29 

300.5 

133.8 

89 

355.4 

158.2 

49 

410.2 

182.6 

09 

465.0 

207.0 

69 

619.6 

231.4 

80 

301.6 

134.2 

90 

366.3 

168.6 

50 

411.1 

183.0 

10 

465.9 

207.4 

70 

520.7 

231.8 

'm~ 

302.4 

134.6 

mt 

357.2 

159,0 

461 

412.0 

183,4 

611 

466,8 

207.8 

571 

621.6 

^2:2 

32 

303.3 

135.0 

92 

358.1 

159.4 

412.9 

183,8 

12 

467,7 

208.2 

72 

622.5 

232.7 

33 

304.2 

136.4 

93 

359.0 

159.8 

53 

413.8 

184.3 

13 

468.6 

208.7 

73 

623.4 

233,1 

34. 

305.1 

135.9 

94 

359.9 

160.3 

64 

414.7 

184.7 

14 

469,6 

209.1 

74 

624.3 

233.5 

35 

306.0 

136.3 

96 

360.8 

160.7 

65 

416.7 

185.1 

15 

470,6 

209.6 

75 

525.3 

233.9 

36 

306.9 

136.7 

96 

361.8 

161.1 

56 

416.6 

185.5 

16 

471,4 

209.9 

76 

626.2 

234.3 

37 

307.9 

137.1 

97 

362.7 

161.5 

57 

417.5 

185.9 

17 

472,3 

210.3 

77 

627.1 

234.7 

3S 

308.8 

137.5 

363.6 

161.9 

58 

418.4 

186.3 

18 

473.2 

210.7 

78 

528.0 

235.1 

39 

309.7 

137.9 

99 

364.6 

162.3 

69 

419.3 

186.7 

19 

474.1 

211.1 

79 

528.9 

235.6 

40 

310.6 

138.3 

400 

366.4 

162.7 

60 

420.2 

187.1 

20 

476.0 

211.5 

80 

529.8 

235.9 

sur 

311.5 

138.7 

4or 

"366."3" 

163.1 

"46r 

421.1 

"187. 5 

621 

475.9 

211.9 

581 

630.8 

'230' 

42 

312.4 

139.1 

02  1  367.  2 

163.5 

62 

422.0 

187.9 

476.8 

212.3 

82 

531.7 

236,7 

43 

313.3 

139.6 

03  1  368.2 

163.9 

63 

423.0 

188.3 

23 

477.8 

212.7 

632.6 

237.1 

44 

314.3 

139.9 

04  i  369. 1 

164.3 

64 

423.9 

188.7 

24 

478.7 

213,1 

84 

533,6 

237.5 

46 

316.2 

140.3 

05     370. 0 

194.7 

65 

424.8 

189.1 

25 

479.6 

213.6 

86 

634.4 

237.9 

46 

316.1 

140.7 

06 

370.9 

166.1 

66 

426.7 

189.5 

26 

480.6 

213.9 

86 

635.3 

238.3 

47 

317.0 

141.1 

07 

371.8 

185.6 

67 

426,6 

189.9 

27 

481.4 

214.4 

87 

536,2 

238.8 

48 

317.9 

141.6 

08 

372.7 

165.9 

68 

427.6 

190.4 

28 

482.3 

214.8 

88 

537.1 

239.2 

49 

318.8 

142.0 

09 

373.6 

166.4 

69 

428.4 

190.8 

29 

483.2 

215.2 

89 

638.0 

239.6 

50 

319.7 

142.4 

10 

374.5 

166.8 

70 

429.4 

191.2 

30 

484.2 

215.6 

90 

639.0 

240.0 

351 

320.6 

142.8 

4ir 

375.5 

167.2 

430.3 

191. 6 

63r 

486.1 

216.0 

691 

"240T 

52 

321.6 

143.2 

12 

376.H 

167.6 

72 

431.2 

192.0 

32 

486.0 

216.4 

92 

540^  8 

240.8 

63 

322.6 

143.6 

13 

377.3 

168.0 

73 

432.1 

192.4 

33 

486.9 

216.8 

93 

641.7 

241.2 

54 

323.4 

144.0 

14 

378.2 

168.4 

74 

433.0 

192.8 

34 

487.8 

217.2 

94 

642.6 

241.6 

66 

324.3 

144.4 

16 

379.1 

168.8 

75 

433.9 

193.2 

36 

488. 7 

217.6 

96 

648.6 

242.0 

66 

3^.2 

144.8 

16 

360.0 

169.2 

76 

434.8 

193.6 

36 

489.6 

218.0 

96 

644.4 

242.4 

67 

326.1 

145.2 

17 

380.9 

169.6 

77 

435.8 

194.0 

37 

490.6 

218.4 

97 

646.4 

242.  S 

68 

327.0 

146.6 

18 

381.9 

170.0 

78 

436.7 

194.4 

38 

491.6 

218.8 

98 

546.3 

243.2 

68 

328.0 

146.0 

19 

3B2.g 

170.4 

79 

437.6 

194.8 

39 

492.4 

219.2 

99 

647.2 

243.6 

60 

328.9 

146.4 

20 

383.7 

170.8 

80 

438.5 

196.2 

40 

498.3 

219.6 

600 

648.1 

844.0 

DUt. 

DepL 

lAt. 

DM. 

1>tp. 

Lat 

DtoT 

Dep. 

Ut. 

DIM. 

Dep. 

lAt 

DM. 

Dtp. 

U.. 
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Pa^  580]                                        TABLE  2. 

DiHereiMM  of  I*titade  and  Departure  for  2&"  (1&6",  205",  SSS"). 

Dirt. 

L«t. 

D«p. 

Dtat 

Ut 

Dep. 

DIM. 

IM. 

Dep. 

DM. 

ut. 

Dep. 

Dirt. 

I-t. 

Dep. 

1 
2 
3 
4 
6 

e 

7 
8 

0.9 
1.8 
2.7 
3.6 
4.5 
6.4 
6.3 
7.3 
S.2 
9.1 

0.4 
0.8 
1.3 
1.7 
2.1 
2.6 
3.0 
3.4 
3.S 
4.2 

61 
62 
63 
64 
65 
60 
67 
68 
69 
70 

65.3 
66.2 
67.1 
68.0 
58.9 
59.8 
60.7 
61.6 
62.5 
63.4 

25.8 
26.2 
26.6 
27.0 
27.5 
27.9 
28.3 
28.7 
29.2 

121 
22 
23 
24 

26 

27 
28 
29 
30 

109.7 
110.6 
IU.5 
112.4 
113.3 
114.2 
115.1 
116.0 
116.9 
117.8 

61.1 
51.6 
62.0 
62.4 

52.8 
53.2 

63.7 
54.1 
54.5 
54.9 

181 

82 
83 

84 
85 

87 
88 
89 
90 

164.0 
164,9 
1&19 
166,8 
167.7 
168,6 
169.6 
170.4 
171.3 
172,2 

76.5 

76.9 
77.3 
77.8 
78.2 
78.6 
79.0 
79.5 
79.9 
80.3 

241 
42 
43 
44 
45 
46 
47 
48 
49 
50 

218.4 
219.3 
220,2 
221.1 
222.0 
223.0 
223.9 
224.8 
225.7 
226.6 

101.9 
102.3 
102.7 

loai 

103.6 
1M.0 
104.4 
104.  S 
105.2 
105.7 

n 

12 
13 
14 
15 
16 
17 
18 
19 
20 

10.0 
10.9 
11.8 
12.7 
13.6 
14.6 
15.4 
16.3 
17.2 
18.1 

4.6 
5.1 
5.6 
6.9 
6.3 
6.8 
7.2 
7.6 
8.0 
8.5 

72 

73 
74 
75 
76 
77 
78 
79 
80 

64.3 
65.3 
66.2 
67.1 
68.0 
68.9 
69.8 
70.7 
71.6 
72.6 

30.0 
30.4 
30.9 
31.3 
31.7 
82.1 
32.6 
33.0 
33.4 
33.8 

131 
32 
33 
34 
35 
86 
37 
38 
39 
40 

118.7 
119.8 
120.5 
121.4 
122.4 
123.3 
124.2 
125.1 
128.0 
126.9 

55.4 
65.8 
66.2 
56.6 
67.1 
57.5 
57.9 
68.3 
68.7 
59.2 

191 
92 
93 
94 
95 
96 
97 
98 
99 

200 

173.1 
174.0 
174.9 
175.8 

176.7 
177.6 
178.6 
179.4 
180.4 
181.3 

80.7 
81.1 
81.6 
82.0 
82.4 
82.8 
83.3 
83.7 
84.1 
84.6 

251 

63 
64 
65 
56 
57 
56 
69 
60 

227.5 
2e8.4 
229.3 
230.2 
231.1 
232.0 
232.9 
233.B 
234.7 
235.6 

106.1 
106.6 
108.9 
107.3 
107.8 
108.2 
108.6 
109.0 
109.6 
109.9 

21 
22 
23 
24 
26 
26 
27 
2S 
29 
30 

19.0 
19.9 
20.8 
21.8 
22.7 
23.6 
24.5 
26.4 
26.3 
27.2 

8.9 
9.3 
9.7 
10.1 
10.6 
li.O 
11.4 
11.8 
12.3 
12.7 

81 
82 
83 
84 

85 
86 
87 
88 
89 
90 

78.4 
74.3 
75.2 
76.1 
77.0 
77.9 
78.8 
79.8 
80.7 
81.6 

34.2 
34.7 
35.1 
36.5 
36.0 
36.3 
36.8 
37.2 
37.6 
38.0 

141 
42 
43 
44 
46 
46 
47 
48 
49 
50 

127.8 
128.7 
129.6 
130.6 
131.4 
132.3 
133.2 
134.1 
135.0 
135.9 

59.6 
60,0 
60.4 
60.9 
61.3 
81.7 
62.1 
62.5 
63.0 
83.4 

201 
02 
03 
04 
06 
06 
07 
08 
09 
10 

182.2 
183.1 

184.0 
184.9 
185. 8 
186.7 
187.6 
188.6 
189.4 
190.3 

84.9 
65.4 
65.8 
88.2 
86.6 
87.1 
87.5 
87.9 
88.3 
88-.  7 

281 
62 

64 
65 
66 
67 
68 

70 

236.5 
237.6 
238.4 
239.3 
240.2 
241.1 
242.0 
242.0 
243.8 
244.7 

110.3 
110.7 
111.1 
111.6 
112.0 
112.4 
112.8 
113.3 
113.7 
114.1 

31 
32 
33 
34 

36 
37 
38 
39 
40 

28.1 
29.0 
29.9 
30.8 
81.7 
32.6 
33.5 
84.4 
35.3 
36.3 

13.1 
13.6 
13.9 
14,4 

14.8 
16.2 
16.6 
16.1 
16.5 
16.9 

92 
93 
94 
96 
96 
97 
98 
99 
100 

82.5 
83.4 
84.3 

65.2 
86.1 
87.0 
87.9 
88.8 
89.7 
90.8 

38.5 
38.9 
39.3 
39.7 
40.1 
40.6 
41.0 
41.4 
41.8 
42.3 

161 
62 
63 
54 
66 
56 
67 
68 
69 
60 

138.9 
137.8 
138.7 
139.6 
140.6 
141.4 
142.3 
143.2 
144.1 
146.0 

63.8 
64.2 
64.7 
65.1 
65.5 
66.9 
66.4 
66.8 
67.2 
67.8 

211 
12 
13 
14 
15 
16 
17 
18 
19 
20 

191.2 
192.1 
193.0 
193.9 
194.9 
196;  8 
196.7 
197.6 
198.6 
199.4 

89.2 
89.6 
90.0 
90.4 
90.9 
91.3 
91.7 
92.1 
92.6 
93.0 

271 
72 
73 

74 
75 

76 
77 
78 
79 
80 

246.6 
246.6 
247.4 
248.  S 
249.2 
250.1 
261.0 
252.0 
252.9 
253.8 

114.6 
1IS.0 

116.4 
115.8 
I16l2 

iia.6 

117.1 

117.  B 
117.9 
118.3 

42 
43 
44 
46 
46 
47 
48 
49 
60 

37.2 
38.1 
39.0 
39.9 
40.8 
41.7 
42.6 
43.6 
44.4 
46.3 

17.3 
17.7 
18.2 
18.6 
19.0 
19.4 
19.9 
20.3 
20.7 
21.1 

03 
04 
06 
06 
07 
08 
09 
10 

91.5 
92.4 
93.3 
94.3 
96.2 
96.1 
97.0 
97.9 
98.8 
99.7 

42.7 
43.1 
43.6 
44.0 
44.4 
44.8 
45.2 
45.6 
46.1 
46.5 

161 
62 
63 
64 
65 
60 
67 
68 
69 
70 

145.9 
146.8 
147.7 
148.8 
149.5 
160.4 
151.4 
152.3 
163.2 
154.1 
T&5.T 
155.9 
166,8 
157.7 
158.8 
159.5 
160.4 
161,3 
162,2 
163.1 

68,0 
68,6 
68.9 
69.3 
69.7 
70.2 
70.6 
71.0 
71,4 
71.8 
"7273 
72.7 

7a  1 

73,5 
74,0 
74.4 
74.8 
75.2 
76.6 
76.1 

221 
22 
23 
24 
25 
26 
27 
28 
29 
SO 

32' 
33 
84 
35 
36 
37 
38 
39 
40 

200.3 
201.2 
202.1 
203.0 
203.9 
204.8 
205.7 
206,8 
207.5 
208.6 
209.4 
210.8 
211.2 
212.1 
213.0 
213.9 
214.8 
215.7 
216.6 
217.6 

93.4 
93.8 
94.2 
94.7 
96.1 
95.5 
95.9 
96.4 
96.8 
97.2 

-wx 

98,0 
98.6 
98.9 
99.3 
99,7 
100.2 
100.6 
101. 0 
101.4 

281 
82 
83 
84 
86 

87 
88 
89 
90 

MT 
92 
93 
94 
95 
96 
97 
98 
99 

300 

254.7 
255.6 
256.5 
257.4 
258.3 
269.2 
260.1 
261.0 
261.9 
262.8 

-mT 

264.6 
265.6 
266.5 
287.4 

288!  2 
270.1 
271.0 
271.9 

118.8 
119.2 
119.6 
120.0 
120.4 
120.9 
121.3 
121.7 
122.1 
122.6 
12S.0 
183. 4 
123.8 
124.2 
124.7 
125.1 
I2S.S 
125.9 

iaa4 

124.8 

61 
62 
63 
64 
65 
66 
67 
68 
69 
60 

46.2 
47.1 
48.0 
48.9 
49.8 
50.8 
51.7 
52.6 
53.6 
64.4 

21.6 
22.0 
22.4 
22.  B 
23.2 
23.7 
24.1 
24.6 
24.9 
25.4 

111 
12 
13 
14 
15 
16 
17 
18 
19 
20 

101.5 
102.4 
103.3 
104.2 
106.1 
100.0 
100.9 
107.9 
108.8 

47.3 
47.8 
48.2 
48.6 
49.0 
49.4 
49.9 
50.3 
60.7 

''A 

73 
74 
75 
76 
77 
78 
79 
80 

DIM. 

Dep. 

lAt 

DM. 

DW. 

Ut 

DM. 

D«f. 

Ut. 

Din. 

D.P. 

I«t 

Oat. 

Dap. 

hmt. 
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TABLE  %                                        [pR^  681 

Wtt. 

I-L 

Pep. 

T>\at. 

LaL 

Dep. 

DM. 

JaX. 

Dep. 

DIM. 

lAt. 

Dep. 

DM. 

Ut. 

DBp. 

301 

272.8 

127.2 

361 

327.1 

152.5 

421 

381.5 

177.9 

481 

435.9 

203.3 

641 

490.3 

228.6 

02 

273.7 

127.6 

62 

328.0 

153.0 

22 

382.4 

178.3 

82 

436.8 

203.7 

42 

491.2 

03 

274.6 

128.0 

63 

329.0 

153.4 

23 

383.3 

178.7 

83 

437.7 

2M.1 

43 

492.1 

22914 

04 

275.6 

128.4 

64 

329.9 

153.8 

24 

384.2 

179.2 

84 

438.6 

204.6 

44 

493.0 

220.9 

06 

276.4 

12s.  9 

66 

330.8 

164.2 

26 

385.1 

179.6 

85 

439.5 

204.9 

45 

493.9 

230.3 

OS 

277.3 

129.3 

66 

331.7 

154.6 

26 

386.0 

180.0 

86 

440.4 

205.4 

46 

494.8 

230.7 

07 

278.2 

129.7 

67 

332.6 

166.1 

27 

387.0 

180.4 

87 

441.3 

205.8 

47 

496.7 

231.1 

08 

279.1 

130.1 

68 

165.6 

387.9 

180.9 

88 

442.2 

206.2 

48 

496.6 

231.6 

08 

280.0 

130.6 

69 

334.4 

155.9 

29 

388.8 

181.3 

89 

443.1 

206.6 

40 

497.5 

232.0 

10 

280.9 

131.0 

70 

335.3 

166.3 

30 

389.7 

181.7 

90 

444.0 

207.1 

60 

498.4 

232.4 

Sir 

281.8 

ISO 

"STT 

336.2 

156.8 

IST 

390.6 

ISO 

49r 

444.9 

207.5 

ler 

499.3 

232.8 

12 

282.7 

131.8 

72 

337.1 

157.2 

32 

391.5 

182.5 

92 

446.9 

207.9 

52 

600.2 

233.2 

13 

283.6 

132.2 

73 

338.0 

157.6 

33 

392.4 

183.0 

93 

446.8 

208.3 

53 

601.1 

233.7 

14 

284.6 

132.7 

74 

338.9 

168.0 

34 

393.3 

183.4 

94 

447.7 

208.7 

64 

602.0 

234.1 

15 

285.4 

133.1 

75 

339.8 

158.5 

36 

394.2 

183.8 

95 

448.6 

209.1 

56 

603.0 

234.6 

18 

286.4 

133.5 

76 

340.7 

158.9 

36 

395.1 

184.2 

96 

449.6 

209.6 

66 

503.9 

236.0 

17 

287.3 

133.9 

77 

341.6 

169.3 

37 

396.0 

184.7 

97 

460.4 

210.0 

57 

604.8 

236.4 

18 

288.2 

134.4 

78 

342.6 

159.7 

306.9 

185.1 

98 

451.3 

210.4 

58 

605.7 

235.8 

19 

289.1 

134.8 

79 

343.6 

160.1 

39 

397.8 

186.5 

99 

462.2 

210.9 

59 

606.6 

236.2 

20 

290.0 

135.2 

80 

344.4 

160.6 

40 

185.9 

600 

453.1 

211.3 

60 

507.5 

236.6 

^r 

290.9 

135.6 

-m' 

346.3 

161.0 

441 

399.6 

186.3 

5or 

454.0 

211.7 

■56r 

"WO" 

237.1 

22 

291.8 

136.1 

82 

346.2 

161.4 

42 

400.6 

186.8 

02 

454.9 

212.1 

62 

609.8 

237.6 

23 

136.6 

83 

347.1 

161.8 

43 

401.6 

187.2 

03 

466.8 

212.6 

63 

510.2 

237.9 

24 

203.6 

136.9 

84 

348.0 

162.3 

44 

402.4 

187.6 

04 

466.7 

213.0 

64 

511.1 

238.3 

25 

294.5 

137.3 

85 

348.9 

162.7 

46 

403.3 

188.0 

06 

467.7 

213.4 

65 

612.0 

238.7 

26 

295.4 

137.7 

86 

349.8 

163.1 

46 

404.2 

188.6 

06 

468.6 

213.8 

66 

612.9 

239.2 

27 

206.3 

138.2 

87 

350.7 

163.6 

47 

406.1 

188.9 

07 

459.5 

214.2 

67 

513.8 

239.6 

28 

297.2 

138.6 

351.6 

163.9 

48 

406.0 

189.3 

06 

460.4 

214.7 

68 

614.8 

240.1 

29 

298.1 

139.0 

89 

362.6 

164.4 

49 

406.9 

189.7 

09 

461.3 

215.1 

69 

515.7 

240.6 

30 

209,0 

139.4 

90 

353.4 

164.8 

50 

407.8 

190.1 

10 

462.2 

215.6 

70 

510.6 

240.9 

WT 

"300:0" 

139.9 

isr 

364.3 

TeO 

«r 

408.7 

190.6 

"BIT 

463.1 

216.9 

MT 

617.6 

MTS" 

32 

300.9 

140.3 

92 

365.2 

166.6 

62 

409.6 

191.0 

12 

464.0 

216.4 

72 

518.4 

241.7 

33 

301.6 

140.7 

93 

356.1 

166.1 

53 

410.6 

191.4 

IS 

464.9 

216.8 

73 

519.3 

242.1 

34 

302.7 

141.1 

94 

357.0 

186.5 

54 

411.4 

191.8 

14 

465.8 

217.2 

74 

620.2 

242.8 

36 

303.6 

141.6 

96 

358.0 

166.9 

55 

412.3 

192.3 

16 

466.7 

217.7 

75 

521.1 

243.0 

36 

304.5 

142.0 

96 

358.9 

167.3 

66 

413.2 

192.7 

16 

467.6 

218.1 

76 

522.0 

243.4 

37 

305.4 

142.4 

97 

369.8 

167.7 

57 

414.1 

193.1 

17 

468.6 

218.5 

77 

522.9 

243.8 

3S 

306.3 

142.8 

98 

360.7 

168.2 

68 

415.1 

193.6 

18 

469.4 

218.9 

78 

623.8 

244.3 

307.2 

143.2 

09 

361.6 

168.6 

59 

416.0 

194.0 

19 

470.3 

219.3 

79 

624.7 

244.7 

40 

308.1 

143.7 

400 

382.5 

169.0 

80 

416.9 

104.4 

20 

471.2 

219.8 

80 

626.6 

245.1 

Sir 

loBro" 

144.1 

"4or 

363.4 

169.4 

"46r 

417.8 

194.8 

521 

"472:2" 

220.2 

"sar 

526.5 

245.6 

42 

309.9 

144.5 

02 

364.3 

169.9 

62 

418.7 

196.2 

22 

473.1 

220.6 

82 

527.4 

246.0 

43 

310.8 

144.9 

03 

365.2 

170.3 

63 

419.6 

195.6 

23 

474.0 

221.0 

83 

628.3 

246.4 

44 

311.7 

146.4 

04 

366.1 

170.7 

64 

420.5 

196.1 

24 

474.9 

221.4 

84 

629.3 

246.8 

45 

312.6 

145.8 

06 

367.0 

171.1 

66 

421.4 

196.6 

26 

475.8 

221.9 

86 

530.2 

247.2 

46 

313.5 

146.2 

06 

367.9 

171.6 

66 

422.3 

196.9 

26 

476.7 

222.3 

86 

531.1 

247.7 

47 

314.6 

146.6 

07 

172.0 

67 

423.2 

197.3 

27 

477.6 

222.7 

87 

632.0 

248.1 

48 

315.4 

147.0 

08 

360.7 

172.4 

68 

424.1 

197.8 

28 

478.6 

223.2 

88 

632.9 

248.5 

49 

316.3 

147.5 

09 

370.6 

172.8 

69 

426.0 

198.2 

29 

479.4 

223.6 

89 

683.8 

248.9 

50 

317.2 

147.0 

0 

371.6 

173.2 

70 

425.9 

198.6 

30 

480.3 

224.0 

90 

634.7 

249.4 

351 

"Hiarr 

■T48.-3 

TT 

372.5 

173.7 

ITT 

426.8 

199.0 

-m 

-«o" 

224.4 

MT 

636.6 

249.6 

52 

319.0 

148.7 

2 

373.4 

174.1 

72 

427.7 

199.4 

32 

482.1 

224.8 

92 

536.5 

260.2 

63 

319.9 

149.2 

13 

374.3 

174.5 

73 

428.6 

199.9 

33 

483.0 

225.3 

93 

637. 4 

2S0.6 

54 

320.8 

149.6 

14 

376.2 

174.0 

74 

429.6 

200.3 

34 

483.9 

226.7 

94 

638.3 

261.1 

66 

321.7 

150.0 

15 

376.1 

175.4 

76 

430.6 

200.7 

36 

484.8 

226.1 

06 

630.2 

261.6 

66 

322.6 

150.4 

16 

377.0 

175.8 

76 

431.4 

201.1 

36 

486.7 

226.5 

96 

540.1 

251.9 

57 

323.6 

150.8 

17 

377.9 

176.2 

77 

432.3 

201.6 

37 

486.7 

226.9 

97 

641.0 

262.3 

68 

324.4 

151.3 

18 

378.8 

176.6 

78 

433.2 

202.0 

38 

487.6 

227.4 

98 

641.9 

262.7 

69 

326.3 

151.7 

19 

379.7 

177.0 

79 

434.1 

202.4 

39 

488.5 

227.8 

99 

542.8 

263.1 

60 

326.2 

162.1 

20 

380.6 

177.5 

80 

436.0 

202.8 

40 

489.4 

228.2 

600 

643.8 

263.6 

ST 

l>ep. 

lit 

Btat 

D«p. 

ut. 

Dtat, 

Pep. 

lit. 

wZ 

Dep. 

L*t. 

DM. 

Dep. 

lM\. 
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TABLE  2. 

IMflarence  of  I^titode  and  Deputoie  for  36°  (154°,  aoe",  334°) . 

DIM. 

Ut        Dep. 

DkX. 

LM. 

Dep. 

DU;. 

IM. 

Dep. 

DM. 

Lkt 

Dep. 

DM. 

IaL 

Dep. 

1 

0.9 

0.4 

81 

54.8 

26.7 

121 

106.8 

63.0 

181 

162.7 

79.3 

241 

216.6 

105.6 

2 

1.8 

0.9 

62 

65.7 

27.2 

22 

109.  T 

63.6 

82 

163.6 

79.8 

42 

217.5 

106.1 

3 

2.7 

1.3 

63 

56.6 

27.6 

23 

110.6 

63.9 

83 

164.5 

8a2 

43 

218.4 

106.5 

4 

ae 

1.8 

64 

57.6 

28.1 

24 

111.5 

54.4 

84 

165.4 

80.7 

44 

219.3 

107.0 

6 

4.5 

2.2 

86 

58.4 

28.6 

25 

112.3 

54.8 

85 

166.3 

61.1 

46 

220.2 

107.4 

6 

6.4 

2.6 

66 

69.3 

28.9 

26 

113.2 

66.2 

86 

167.2 

81.6 

46 

221.1 

107.8 

7 

6.3 

3.1 

67 

60.2 

28.4 

27 

114.1 

56.7 

87 

168.1 

82.0 

47 

222.0 

106.3 

6 

7.2 

3.5 

88 

fll.  1 

29.8 

28 

115.0 

66.1 

88 

169.0 

62.4 

48 

222.9 

108.7 

9 

8.1 

3.9 

69 

30.2 

29 

115.9 

66.B 

89 

169.9 

82.9 

40 

223.8 

109.2 

10 

9.0 

4.4 

70 

62.9 

30.7 

30 

116.8 

57.0 

90 

170.8 

83.3 

60 

224.7 

109.6 

TT 

9.9 

4.8 

63.8 

31.1 

TsT 

-uTT 

57.4 

-w 

171.7 

83.7 

"BT 

225.6 

110.0 

12 

10.8 

5.3 

72 

64.7 

31.6 

32 

118.6 

67.9 

92 

172.6 

84.2 

52 

226.5 

110.6 

13 

11.7 

5.7 

73 

65.6 

32.0 

S3 

119.5 

58.3 

9S 

173.6 

84.6 

63 

227.4 

110.9 

14 

12. 6i 

^1 

74 

86.5 

32.4 

34 

120.4 

68.7 

94 

174.4 

85.0 

54 

228.3 

111.3 

15 

13. 6^ 

6.S 

75 

67.4 

32.9 

35 

121.  S 

69.2 

06 

175.8 

86.5 

66 

229.2 

111.8 

16 

14.4 

7.0 

78 

68.3 

33.3 

36 

122.2 

59.6 

96 

176.2 

86.9 

66 

230.1 

112.2 

17 

18.3 

7.6 

77 

69.2 

33.8 

37 

123.1 

60.1 

97 

177.1 

88.4 

67 

231.0 

112.7 

18 

16.2      7.9 

78 

70.1 

34.2 

38 

124.0 

60.  S 

98 

178.0 

86.8 

68 

231.9 

113.1 

19 

17.1 

8.3 

79 

71.0 

34.6 

39 

124.9 

60.9 

99 

178.9 

87.2 

69 

232.8 

113.6 

20 

18.0 

8.8 

80 

71.9 

35.1 

40 

126.8 

61.4 

200 

179.8 

87.7 

60 

233.7 

H4.0 

"2r 

18.9 

9.2 

81 

72.8 

36,5 

141 

T^rr 

61.8 

lor 

180.7 

88.1 

"26r 

234.6 

114.4 

22 

19.8 

9.6 

82 

73.7 

36.9 

42 

127.6 

62.2 

02 

181.8 

88.6 

82 

235.5 

114.9 

23 

20.7 

10.1 

S3 

74.6 

36.4 

43 

128.6 

62.7 

03 

182.5 

89.0 

83 

236,4 

115.3 

24 

21.6 

10.6 

84 

76.5 

36.8 

44 

129.4 

63.1 

04 

183.4 

89.4 

64 

237.3 

115.7 

25 

22.5 

11.0 

85 

78.4 

37.3 

45 

1S0.S 

63.6 

06 

184.3 

89.9 

85 

238.2 

116.2 

26 

23.4 

!1.4 

86 

77.3 

37.7 

46 

131.2 

64.0 

06 

185.2 

90.3 

66 

239.1 

118.6 

27 

24.3 

11.8 

87 

78.2 

38.1 

47 

132.1 

84.4 

07 

186.1 

90.7 

67 

240. 0 

117.0 

28 

26.2 

12.3 

88 

79.1 

38.6 

48 

133.0 

64.9 

08 

188.9 

91.2 

88 

240.9 

117.5 

29 

26.1 

12.7 

89 

80.0 

39.0 

49 

133.9 

66.3 

09 

187.8 

91.6 

69 

241.8 

117.9 

30 

27.0 

13.2 

90 

80.9 

39.5 

60 

134.8 

65.8 

10 

188.7 

92.1 

70 

242.7 

118.4 

27.9 

13.6 

~9r 

81.8 

"39:9" 

TsT 

135.7 

66.2 

ITT 

189.6 

-^75 

-fn 

243.6 

lias 

32 

28.8 

14.0 

92 

82.7 

40.3 

62 

136.6 

66.6 

12 

190.5 

92.9 

72 

244.5 

119.2 

33 

29.7 

14.6 

93 

83.6 

40.8 

63 

1S7.5 

67.1 

13 

191.4 

93.4 

73 

246.4 

119.7 

34 

30.6 

14.9 

94 

84.5 

41.2 

54 

138.4 

87.5 

14 

192.3 

93.8 

74 

246.3 

120.1 

36 

31.6 

16.3 

95 

86.4 

41.6 

65 

139.3 

67.9 

16 

193.2 

94.2 

75 

247.2 

120.  S 

38 

32.4 

15.8 

96 

86.3 

42.1 

56 

140.2 

68.4 

16 

194.1 

94.7 

76 

248.1 

12L0 

37 

16.2 

97 

87.2 

42.6 

67 

141.1 

68.8 

17 

195.0 

95.1 

77 

249.0 

121.4 

36 

34!  2 

16.7 

98 

88.1 

43.0 

58 

142.0 

69.3 

18 

195.9 

95.6 

78 

249.9 

121.9 

39 

35.1 

17.1 

99 

89.0 

43.4 

69 

142.9 

69.7 

19 

196.8 

96.0 

70 

260.8 

122.3 

40 

36.0 

17.  B 

100 

89.9 

~9o:e" 

43,8 

60 

143.8 

70.1 

20 

197.7 

96.4 

80 

251.7 

122.7 

41 

36.9 

18.0 

101 

44.3 

TbT 

T!4r7" 

70.8 

i2r 

198.6 

-96:9 

'28r 

252.6 

123.2 

42 

37.7 

18.4 

02 

91.7 

44.7 

62 

145.6 

71.0 

22 

199.5 

97.3 

82 

263.5 

123.6 

43 

38.6 

18.8 

03 

92.6 

45,2 

63 

146.5 

71.6 

23 

200.4 

97.8 

83 

254.4 

124.1 

44 

39.6 

19.3 

04 

93.6 

46.8 

84 

147.4 

.71.9 

24 

201.3 

98.2 

84 

255.3 

124.5 

45 

40.4 

19.7 

05 

04.4 

48.0 

85 

148.  S 

72.3 

26 

202.2 

98.6 

86 

256.2 

124.9 

46 

41.3 

20.2 

06 

95.3 

46,5 

66 

149.2 

72.8 

26 

203.1 

99.1 

86 

257.1 

125.4 

47 

42.2 

20.6 

07 

96.2 

46.9 

67 

160.1 

73.2 

27 

204.0 

99.5 

87 

258.0 

125.8 

48 

43.1 

21.0 

08 

97.1 

47.3 

68 

151.0 

73.8 

28 

204.9 

99.9 

88 

258.9 

126.3 

49 

44.0 

21.6 

09 

98.0 

47.8 

89 

161.9 

74.1 

20 

205.8 

100.4 

269.8 

126.7 

60 

44.9 

21.9 

10 

98.9 

48.2 

70 

162.8 

74.6 

30 

206.7 

100.8 

90 

260.7 

127.1 

"er 

46.8 

22.4 

ITT 

99.8 

48.7 

171 

163.7 

76.0 

231 

207.8 

101.3 

291 

261.5 

127.6 

62 

46.7 

22.8 

12 

100.7 

49.1 

72 

164.6 

75.4 

32 

208.5 

101.7 

92 

262.4 

128.0 

63 

47.8 

23.2 

IS 

101.6 

49.5 

73 

165.5 

76.8 

83 

209.4 

102.1 

93 

263.3 

128.4 

64 

48.5 

23.7 

14 

102.6 

60.0 

74 

166.4 

76.3 

34 

210.3 

102.6 

94 

264.2 

128.0 

66 

49.4 

24.1 

15 

103.4 

60.4 

75 

167.3 

76.7 

35 

211.2 

103.0 

96 

266.1 

129.3 

66 

60.3 

24.6 

16 

104.3 

60.9 

76 

158.2 

77.2 

36 

212.1 

103.6 

96 

266.0 

129.8 

57 

61.2 

25.0 

17 

106.2 

61.3 

77 

169.1 

77.6 

37 

213.0 

103.9 

07 

266.9 

130.2 

68 

62.1 

26.4 
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261.9 

139.6 

49 

42.9 

23.8 

09 

95.3 

62.8 

69 

147.8 

81.9 

29 

200,3 

111.0 

89 

252.8 

140.1 

50 

43.7 
"44:6" 

24.2 

10 

96.2 

53.3 

70 

148.7 

82.4 

30 

201.2 

III. 5 

11270 

90 

253.6 

140.6 

"24T 

m" 

"9O" 

53.8 

m" 

14976" 

82.9 

"23r 

202.0 

254.5 

141.1 

62 

45.5 

25.2 

12 

08.0 

64.3 

72 

150.4 

83.4 

32 

202.9 

112.6 

92 

266.4 

141.6 

53 

46.4 

25.7 

13 

06.8 

54.8 

73 

151.3 

83.9 

33 

203.8 

113.0 

93 

256.3 

142.0 

54 

47.2 

26.2 

14 

98.7 

55.3 

74 

152.2 

84.4 

34 

204.7 

113.4 

94 

257.1 

142.5 

65 

48.1 

26.7 

16 

100.6 

65.8 

76 

163.1 

84.8 

36 

206.5 

113.9 

9b 

258.0 

143.0 

66 

49.0 

27.1 

16 

101.5 

56.2 

76 

153.9 

85.3 

36 

206.4 

114.4 

96 

258.9 

143,5 

67 

49.9 

27.6 

17 

102.3 

56.7 

77 

154.8 

85.8 

37 

207,3 

114.9 

07 

259.3 

144.0 

58 

50.7 

28.1 

18 

103.2 

67.2 

78 

165.7 

86.3 

38 

208.2 

115.4 

98 

260.6 

144.5 

59 

51.6 

28.6 

19 

104.1 

57.7 

79 

166.6 

86.8 

39 

209.0 

115,9 

99 

261.6 

146.0 

60 

52.5 

29.1 

20 

105.0 

58.2 

80 

157.4 

87.3 

40 

209,9 

116.4 

300 

262.4 

146.4 

DM. 

Dep. 

Lot. 
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Dep. 
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Dep. 
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TABLE  3.                                         [FsEe  688 

IMtterence  of  I^titode  and  Deputnro  for  2S'>  (161°,  2(»°,  331"). 

Btiit 

ut. 

Dep. 

Mat. 

Lat, 

Dep. 

Dtrt. 

Lat. 

Dep. 

DM. 

Lat. 

Dep. 

Dtat, 

Ut, 

Dep. 

301 

263.2 

145.9 

361 

316.7 

175.0 

421 

368.2 

204.1 

481 

420.7 

2332 

641 

473.2 

262  3 

02 

264.1 

146.4 

62 

316-6 

175.6 

22 

369.1 

204.6 

82 

421.5 

233!  7 

42 

474.0 

262.8 

03 

266.0 

146.9 

317.5 

176.0 

23 

369.9 

205.1 

83 

422.4 

234,2 

43 

474.9 

263.2 

01 

2«6.9 

147.4 

64 

318,3 

176.6 

24 

370.8 

205.6 

84 

423.3 

234,6 

44 

475.8 

263.7 

05 

266.7 

147.9 

65 

319.2 

177.0 

25 

371.7 

206.0 

86 

424.2 

235,1 

46 

476.6 

264.2 

06 

267.6 

148.4 

66 

320,1 

177.4 

26 

372.6 

206.6 

426.0 

235,6 

46 

477.6 

264.7 

07 

268.6 

148.8 

67 

321.0 

177.9 

27 

373.4 

207.0 

87 

425.9 

236.1 

47 

478,4 

265.2 

08 

269.4 

149.3 

68 

321.8 

178.4 

28 

374.3 

207.6 

88 

426.8 

236.6 

48 

479,3 

265.7 

09 

270.2 

149.8 

69 

322.7 

78.9 

29 

375,2 

208.0 

427.7 

237,1 

49 

480,1 

266.2 

10 

271.1 

150.3 

70 

323.6 

79.4 

30 

376.1 

208.5 

90 

428.5 

237.6 

50 

481.0 

266.6 

■3ir 

272.0 

160.8 

STT 

324.5 

78,9 

IST 

376.9 

209.0 

49r 

429.4 

238.0 

55r 

481.9 

•267rr 

12 

272.9 

151.3 

72 

325.3 

180,4 

32 

377.8 

209.4 

92 

430.3 

233.5 

62 

482  8 

267.6 

13 

273.7 

161.7 

73 

326.2 

180.8 

33 

378.7 

209.9 

93 

431.2 

238,0 

53 

483.6 

268.1 

14 

274.6 

152.2 

74 

327.1 

181.3 

34 

379.6 

210.4 

94 

432.0 

239.6 

54 

484.5 

268.6 

15 

276.5 

152.7 

75 

328.0 

181.8 

36 

380.4 

210.9 

96 

432.9 

240,0 

65 

485,4 

269.1 

16 

276.3 

163.2 

76 

328.8 

182  3 

36 

381,3 

211.4 

96 

433.8 

240.5 

56 

486.3 

269.5 

17 

277.2 

153.7 

77 

329.7 

182.8 

37 

382,2 

211.9 

97 

434.7 

240.9 

57 

437.1 

270.0 

IS 

278.1 

154.2 

78 

330.6 

183.3 

38 

383.1 

212.3 

98 

436.5 

241.4 

68 

488,0 

270.5 

19 

279.0 

164.7 

79 

331.4 

183.7 

39 

383.9 

212.8 

99 

436.4 

241.9 

69 

488.9 

271.0 

20 

279.8 

65.1 

80 

332.3 

184.2 

40 

384.8 

213.3 

500 

437.3 

242.4 

60 

489.8 

271.5 

■szT 

-mT 

56.6 

SST 

"333:2" 

184,7 

"385:7" 

213.8 

"5or 

438.2 

242.9 

"56r 

490.6 

2720 

22 

281.6 

56.1 

82 

334.1 

185.2 

42 

386.6 

214.3 

02 

439.0 

243.4 

62 

491.6 

272.6 

23 

282.6 

156.6 

83 

334.9 

186.7 

43 

387.4 

214,6 

03 

439,9 

243.8 

63 

492.4 

2729 

24 

283.3 

157.1 

84 

336.8 

186.2 

44 

216.3 

04 

440,8 

244.3 

64 

483.2 

273.4 

26 

284.2 

157.6 

86 

336.7 

186.7 

45 

389.2 

215.7 

05 

441.6 

244.8 

66 

494.1 

273.9 

Z« 

286.1 

158.1 

86 

337,6 

187.1 

46 

390.0 

216.2 

06 

442.6 

245.3 

66 

496.0 

274.4 

27 

286.0 

168.5 

87 

338.4 

187.6 

47 

390.9 

216,7 

07 

443.4 

246.8 

67 

496.9 

274.9 

28 

286.8 

159.0 

88 

339.3 

188.1 

48 

391.8 

217.2 

08 

444.3 

246.3 

68 

496.8 

276.4 

29 

287.7 

169.6 

340.2 

188.6 

49 

392. 7 

217.7 

00 

445.2 

246.8 

69 

487.7 

275,9 

30 

288.6 

160.0 

90 

341,1 

189.1 

60 

393.6 

218.2 

10 

446.1 

247.3 

70 

498.5 

276.3 

■^r 

289.6 

160.6 

"39r 

341.9 

18976 

isr 

394.4 

21877 

Jn 

447.0 

247,8 

iTT 

499.4 

276.8 

32 

290.3 

161.0 

92 

312.8 

190.0 

52 

395.3 

219.1 

12 

447.8 

248.2 

72 

600.3 

277.3 

33 

291.2 

161.4 

93 

343.7 

190.5 

53 

396.2 

219.6 

13 

448.6 

248,7 

73 

501,1 

277.8 

34 

161.9 

94 

344.6 

191.0 

64 

897,0 

220.1 

14 

449.5 

249,2 

74 

502.0 

278.3 

35 

293.0 

162.4 

95 

346.4 

191,6 

66 

397,9 

220.6 

15 

460.4 

249.7 

76 

502.9 

278.8 

36 

293.6 

162.9 

96 

346.3 

192  0 

56 

398.6 

221.1 

16 

451.3 

260.2 

76 

603.7 

279.2 

37 

294.7 

163.4 

97 

347.2 

192.5 

57 

399.7 

221/6 

17 

462.2 

250.6 

77 

504.6 

279.7 

38 

296.6 

163.9 

98 

348.1 

193.0 

68 

400.6 

222.0 

18 

453,1 

261.1 

78 

506,6 

280.2 

39 

296.5 

164.4 

99 

348.9 

193.4 

69 

401.4 

222.5 

19 

463.9 

251.6 

79 

506.4 

280.7 

40 

297.3 

164.8 

400 

349.8 

193.9 

60 

402.3 

223.0 

20 

464.8 

252.1 

80 

507.2 

281.2 

Sir 

298.2 

186.3 

lor 

360.7 

194.4 

leT 

"4^:2" 

223.6 

52r 

466.6 

252.6 

5er 

"608X 

"kO" 

42 

299.1 

165.8 

02 

351.6 

194.9 

62 

404.0 

224,0 

22 

456.6 

253.1 

82 

509.0 

282  2 

43 

300.0 

166.3 

03 

352.4 

195.4 

63 

404.9 

224,6 

23 

457.4 

253.6 

83 

509,9 

44 

300.8 

166.8 

04 

353.3 

195.9 

64 

406.8 

225,0 

24 

468.3 

264.0 

84 

610.7 

283!  2 

45 

301.7 

167.3 

06 

364.2 

196.3 

65 

406.7 

225.4 

25 

469.1 

254.5 

85 

611.6 

283.6 

46 

802.6 

167.7 

06 

355.1 

196.8 

66 

407.5 

225,0 

26 

460,0 

255.0 

86 

512  5 

284.1 

47 

803.6 

168.2 

07 

366,9 

197.3 

67 

408.4 

226.4 

27 

460,9 

255.5 

87 

513.4 

284.6 

48 

304.3 

168.7 

08 

366,8 

197.8 

409.3 

226.9 

28 

461.8 

256.0 

88 

614.3 

285.0 

49 

305.2 

169.2 

09 

357.7 

198.3 

69 

410.2 

227.4 

29 

462  6 

256.5 

516.1 

285.6 

60 

306.1 

109.7 

10 

358,6 

198.8 

_™ 

411.0 

227,9 

30 

463.6 

256.9 

90 

516.0 

286,0 

S5r 

307.0 

170.2 

411 

"359:T 

"19973 

471 

"411:9" 

^T3 

"531" 

464.4 

267.4 

"591" 

"5i6X 

286,6 

52 

307.8 

170.7 

12 

360.3 

199.7 

72 

412.8 

228.8 

32 

466.3 

257.8 

92 

617.7 

287,0 

53 

308.7 

171.1 

13 

361.2 

200.2 

73 

413,7 

229.3 

33 

466.1 

258.4 

83 

618.6 

287.6 

54 

309.6 

171.6 

14 

362,1 

200,7 

74 

414.6 

229.8 

34 

467.0 

258,9 

94 

519.5 

288.0 

65 

310.5 

172.1 

15 

362  9 

201,2 

76 

415.4 

230.3 

35 

467.9 

95 

520,4 

288.5 

56 

311.3 

172,6 

16 

363.8 

201.7 

76 

416.3 

230.8 

36 

468.8 

259.9 

96 

621,2 

288.9 

67 

312.2 

173.1 

17 

364.7 

77 

417.2 

231.3 

37 

469.6 

260.3 

97 

522,1 

289.4 

66 

313.1 

173.6 

18 

366.6 

202,7 

78 

418.0 

231.7 

38 

470.5 

260.8 

98 

623.0 

288.9 

59 

314.0 

174,0 

19 

366.4 

203,1 

79 

418.9 

232.2 

471.4 

261.3 

99 

523.9 

290.4 

60 

314.8 

174.5 

20 

367.3 

203.6 

80 

419.8 

232  7 

40 

472.3 

261.8 

600 

524.8 

290.9 

Dirt. 

Dep. 

Lat. 

DfaT 

Dtp. 

Ut. 
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Lai. 
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Dep, 

Lat. 

DIM. 

Dep, 

Ut 
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TABLE  2. 

1 

DlffaienM  of  UUtude  and  DepMtore  for(^  (160°,  210°,  330°).                              J 

Dlit 

Ut. 

D.P. 

DM. 

Lot 

Dep. 

DM. 

IM. 

Dep. 

DM. 

ua. 

D.P. 

DM 

Ut 

Dep. 
120.5 

1 

0.9 

0.6 

61 

52.8 

30.5 

121 

104.8 

60.5 

181 

156.8 

90.5 

241 

208.7 

2 

1.7 

1.0 

62 

63.7 

31.0 

22 

106.7 

61.0 

82 

157.6 

91.0 

42 

209.6 

121.0 

3 

2.6 

1.5 

63 

64.6 

31.5 

23 

106.5 

61.6 

83 

158.5 

91.5 

43 

210.4 

121.5 

4 

3.6 

2.0 

64 

55.4 

32.0 

24 

107.4 

62.0 

84 

169.3 

92.0 

44 

211.3 

122.0 

6 

4.3 

2.5 

65 

56.3 

32.5 

26 

108.3 

62.5 

85 

160.2 

92.6 

45 

212.2 

122.6 

6 

5.2 

3.0 

66 

67.2 

26 

109.1 

63.0 

86 

161.1 

93.0 

46 

213.0 

123.0 

7 

6.1 

3.6 

67 

68.0 

33.5 

27 

110.0 

63.5 

87 

161.9 

93.5 

47 

213.9 

123.5 

8 

6.9 

4.0 

68 

58.9 

34.0 

28 

110.9 

64.0 

162.9- 

94.0 

48 

214.8 

124.0 

9 

7.8 

4.6 

69 

69.8 

34.5 

29 

111.7 

64.5 

89 

163.7 

94.5 

49 

215.6 

124.6 

10 

8.7 

5.0 

70 

60.6 

35.0 

30 

112.6 

65.0 

90 

164.5 

95.0 

50 

216.5 

125.0 

11 

9.6 

5.5 

-tT 

61.5 

35.5 

Tsr 

113.4 

65.5 

191 

165.4 

95.6 

asT 

217.4 

125.5 

12 

10.4 

6.0 

72 

62.4 

30.0 

114.3 

66.0 

92 

166.3 

96.0 

52 

218.2 

126.0 

13 

11.3 

6.6 

73 

63.2 

36.5 

115.2 

66.5 

98 

167.1 

96.5 

53 

219.1 

126.6 

14 

12.1 

7.0 

74 

64.1 

37.0 

34 

116.0 

67.0 

94 

168.0 

07.0 

54 

220.0 

127.0 

15 

13.0 

7.5 

75 

66.0 

37.5 

35 

116.9 

67.6 

95 

168.9 

97.5 

56 

220.  S 

127.5 

16 

13.9 

8.0 

76 

«5.8 

38.0 

36 

117.8 

68.0 

96 

169.7 

98.0 

66 

221.7 

128.0 

17 

14.7 

8.5 

77 

66.7 

38.6 

37 

118.6 

68.6 

97 

170.6 

98.6 

57 

222.6 

128.5 

18 

15.6 

9.0 

78 

67.6 

39.0 

119.5 

69.0 

98 

171.6 

99.0 

68 

223.4 

129.0 

19 

16.6 

9.6 

79 

68.4 

39.5 

39 

120.4 

69.5 

99 

172.3 

99.5 

59 

224.3 

129.5 

_ja_ 

17.3 

10.0 

80 

69.3 

40.0 

40 

121.2 

70.0 

200 

173.2 

100.0 

60 

225.2 

130.0 

18.2 

10.5 

-ST 

70.1 

40.6 

141 

122.1 

70  6 

"2or 

174.1 

100,5 

^r 

226.0 

IMJ 

22 

19. 1 

n.o 

82 

71. 0 

41.0 

42 

123.0 

71.0 

02 

174.9 

101.0 

62 

226.9 

131.0 

23 

19. 9 

11.6 

S3 

71.9 

41.5 

43 

123.8 

71.5 

03 

175.8 

101.5 

63 

227.8 

131.5 

24 

20.8 

12.0 

84 

72.7 

42.0 

44 

124.7 

72.0 

04 

176.7 

102.0 

64 

228.6 

132.0 

25 

21.7 

12.6 

86 

73.6 

42.5 

46 

126.6 

72.5 

05 

177.5 

102.6 

65 

229.6 

132.5 

26 

22.5. 

13.0 

86 

74.5 

43.0 

46 

126.4 

73.0 

06 

178.4 

103.0 

66 

230.4 

133.0 

27 

23.4 

13.6 

87 

76.3 

43.5 

47 

127.3 

73.6 

07 

179.3 

103.6 

67 

231.2 

133.5 

28 

24.2 

14.0 

88 

76.2 

44.0 

48 

128.2 

74.0 

08 

180.1 

104.0 

68 

232.1 

134.0 

29 

25.1 

14.6 

89 

77.1 

44.6 

49 

129.0 

74.5 

09 

181.0 

104.5 

69 

233.0 

134.5 

30 

26.0 

15.0 

90 

77.9 

46.0 

50 

129.9 

75.0 

10 

181.9 

105.0 

70 

135.0 

"ar 

26.8 

'WT 

^r 

78.8 

45.6 

130.8 

^75:5" 

182.7 

105.6 

"27r 

234.7 

TS6T 

32 

27.7 

16.0 

92 

79.7 

46.0 

52 

131.6 

76.0 

12 

183.6 

106.0 

72 

235.6 

138.0 

33 

28.6 

16.5 

93 

80.5 

46.5 

53 

132.5 

76.6 

13 

184. 6 

106.6 

73 

236.4 

136.6 

34 

29.4 

17.0 

94 

81.4 

47.0 

54 

133.4 

77.0 

14 

185.3 

107.0 

74 

237.3 

137.0 

35 

30.3 

17.6 

95 

47.5 

65 

134.2 

77.5 

15 

166.2 

107.5 

75 

238.2 

137.5 

36 

31.2 

18.0 

96 

83.1 

48.0 

56 

135.1 

78.0 

16 

187.1 

108.0 

76 

239.0 

138.0 

37 

32.0 

18.5 

97 

84.0 

48.6 

57 

136.0 

78.5 

17 

187.9 

108.6 

77 

239.9 

138.5 

38 

32.9 

19.0 

98 

S4.9 

49.0 

68 

136.8 

79.0 

18 

188.8 

109.0 

78 

240.8 

139.0 

39 

33.8 

19.6 

99 

85.7 

49.6 

59 

137.7 

79.5 

19 

189.7 

109.5 

79 

241.6 

139.5 

40 

34.6 

20.0 

100 

86.6 

60.0 

60 

138.6 

80.0 

20 

190.5 

110.0 

80 

242.6 

140.0 

"«" 

35.6 

20.5 

101 

87.6 

50.6 

139.4 

80.5 

■22r 

191.4 

110.6 

■^r 

243.4 

140.5 

42 

36.4 

21.0 

02 

88.3 

51.0 

62 

140.3 

81.0 

22 

192.3 

111.0 

82 

244.2 

141.0 

43 

37.2 

21.6 

03 

89.2 

61.6 

63 

141.2 

81.6 

23 

193.1 

111.5 

83 

245.1 

141.5 

44 

22.0 

M 

90.1 

52.0 

64 

142.0 

82.0 

24 

194.0 

112.0 

84 

246.0 

142,0 

45 

39^0 

22.5. 

06 

90.9 

52.5 

65 

142.9 

82.5 

25 

194.9 

112.5 

85 

246.8 

142.5 

46 

23.0 

06 

91.8 

53.0 

66 

143.8 

83.0 

26 

196.7 

113.0 

86 

247.7 

143.0 

47 

40!7 

23.5 

07 

92.7 

53.5 

67 

144.6 

83.5 

27 

196.6 

113.6 

87 

248.6 

143.6 

48 

41.6 

24.0 

08 

93.6 

54.0 

68 

145.6 

84.0 

28 

197.6 

114.0 

249.4 

144.0 

49 

42.4 

24.5 

09 

94.4 

54.5 

69 

146.4 

84,5 

29 

193.3 

114.5 

89 

250.3 

144.5 

50 

-5r 

43.3 

44.2 

26.0 

10 

95.3 

55.0 

70 

147.2 

85.0 

30 

199.2 

115.0 

90 

251.1 

145.0 

26.5 

111 

96.1 

65.6 

In 

1"48.*1 

85.5 

'mr 

200.1 

115.6 

"29r 

252.0 

145.5 

52 

45.0 

12 

97.0 

56.0 

72 

149.0 

88.0 

32 

200.9 

116.0 

92 

146.0 

63 

45.9 

26;  5 

13 

97.9 

66.5 

73 

149.8 

86.5 

33 

201.8 

116.5 

93 

253^7 

146.5 

54 

46.8 

27.0 

14 

98.7 

67,0 

74 

150.7 

87.0 

34 

202.6 

117.0 

94 

254.6 

147.0 

55 

47.6 

27.6 

15 

99.6 

57.5 

75 

151.6 

87.5 

35 

203.6 

117.5 

95 

255.6 

147.5 

66 

48.5 

28.0 

16 

100.6 

58.0 

76 

152.4 

88.0 

36 

204.4 

118.0 

96 

256.3 

146.0 

57 

49.4 

28.6 

17 

101.3 

58.6 

77 

153.3 

37 

205.2 

118. 6 

97 

257.2 

148.  S 

58 

50.2 

29.0 

38 

102.2 

59.0 

78 

164.2 

89!  0 

206.1 

119.0 

98 

258.1 

149.0 

51.1 

29.5 

19 

103.1 

59.5 

79 

155.0 

89.5 

207.0 

119.5 

99 

258.0 

149.5 

60 

52.0 

30.0 

20 

103.9 

60.0 

80 

166.9 

90.0 

40 

207.8 

120.0 

300 

269.8 

150.0 

SIM. 

Dep. 

lAt. 

Dbst. 

D*p. 

Lot. 

DIM. 

Dep. 

Ut. 

W 

Dep. 

UL 

DM. 

Dep.    1     UL    1 

60°  (120°,  240=,  300").                                                                  1 

ijGoogle 


TABLE  2.                                         [Pa^  691 

DiHerence  of  Latitade  and  Dep«toie  for  30»  (160*,  210",  380"). 

Uml 

Ut. 

Dep. 

DIM. 

Lat 

Dep. 

DM. 

LoL 

Dep. 

DIM. 

lAt. 

De^ 

DM. 

Ut. 

Dep. 

301 

260.7 

150.5 

361 

812.6 

180.6 

421 

364.6 

210.5 

481 

416.  B 

240.5 

641 

468.6 

270.5 

02 

261.6 

151.0 

62 

313.6 

181.0 

22 

366.6 

211.0 

82 

417.4 

241.0 

42 

469.4 

271.0 

C6 

262.4 

151.5 

63 

314.4 

181.6 

23 

366.3 

211.5 

83 

418.3 

241.6 

43 

470.3 

271.6 

04 

283.8 

152.0 

04 

315.2 

182.0 

24 

367.2 

212.0 

84 

419.2 

242.0 

44 

471.1 

272.0 

06 

364.1 

152.6 

66 

316.1 

182.6 

25 

368.1 

212.5 

86 

420,0 

242.6 

46 

472.0 

272.6 

06 

265.0 

153.0 

66 

317.0 

183.0 

26 

368.9 

213.0 

86 

420.9 

243.0 

46 

472.9 

273.0 

07 

265.9 

153.5 

67 

317.8 

183.6 

27 

369.8 

218.5 

87 

421.8 

243.6 

47 

473.7 

273.5 

08 

164.0 

68 

318.7 

184.0 

28 

370.7 

214.0 

68 

422.6 

244.0 

48 

474.8 

274.0 

00 

26?!  6 

164.6 

69 

319.6 

184.  G 

29 

371.6 

214.6 

80 

423.6 

244.6 

49 

475.6 

274.5 

10 

268.5 

166.0 

70 

320.4 

185.0 

30 

372.4 

216.0 

90 

424.4 

246.0 

50 

476.3 

276.0 

air 

269.3 

165.6 

STT 

"32173" 

ISO' 

"isT 

373.3 

215.5 

491" 

425.2 

245.5 

"56r 

477.2 

275.  S 

12 

270.2 

166.0 

72 

322.2 

186.0 

32 

374.1 

216.0 

92 

426.1 

246.0 

62 

478.1 

270.0 

13 

271.1 

156.6 

73 

323.0 

186.6 

33 

375.0 

216.5 

93 

426.9 

246.6 

63 

478.9 

276.5 

14 

271.9 

167.0 

74 

323.9 

187.0 

34 

375.9 

217.0 

94 

427.8 

247.0 

54 

479.8 

277.0 

16 

272.8 

167.6 

75 

187.6 

35 

376.7 

217.6 

96 

428.7 

247.5 

65 

480.7 

277.5 

16 

273.7 

158.0 

76 

325.6 

188.0 

36 

377.0 

218.0 

90 

429.6 

248.0 

56 

481.6 

278.0 

17 

274.6 

158.5 

77 

326.6 

188.6 

37 

378.6 

218.5 

97 

430.4 

248.5 

67 

482.4 

278.6 

IS 

276.4 

169.0 

78 

327.4 

189.0 

38 

379.3 

219.0 

98 

431.3 

68 

483.3 

279.0 

19 

276.3 

159.6 

79 

189.6 

39 

380.2 

219.5 

99 

432.2 

249!  5 

59 

484.1 

279.5 

20 

277.1 

160. 0 

80 

329.1 

90.0 

40 

381.1 

220.0 

600 

433.0 

250.0 

60 

485.0 

280.0 

"MT 

i78.0 

166.5 

-mr 

330.0 

90.6 

lir 

"380" 

220.6 

SOT 

"^79" 

250.5 

"MT 

486.9 

280.6 

32 

278.9 

161.0 

82 

330.8 

91.0 

42 

382.8 

221.0 

02 

434.8 

251.0 

6? 

480.7 

281.0 

23 

279.7 

161.6 

83 

331.7 

191.6 

43 

883.7 

221.5 

03 

435.6 

251.5 

63 

487.6 

281.6 

24 

280.0 

162.0 

84 

192.0 

44 

384.5 

222.0 

04 

436.6 

252.0 

64 

488.6 

282.0 

26 

281.6 

162.6 

85 

333.4 

192.6 

45 

385.4 

222.6 

06 

437.4 

252.5 

65 

489.3 

282.6 

26 

163.0 

86 

334.3 

193.0 

46 

386.3 

223.0 

06 

438.2 

253.0 

66 

490.2 

283.0 

37 

283!  2 

163.6 

87 

335.2 

193.5 

47 

387.1 

223.6 

07 

439.1 

253.5 

67 

491.1 

283.6 

SS 

284.1 

164.0 

88 

336.0 

194.0 

48 

388.0 

224.0 

08 

440.0 

264.0 

68 

491.9 

284.0 

20 

284. 9 

164.5 

89 

336. 9 

194.6 

49 

388.9 

224.5 

09 

440.8 

254.5 

69 

402.8 

284.5 

SO 

286.8 

166.0 

90 

337.8 

196.0 

60 

389.7 

226.0 

10 

441.7 

256.0 

70 

493.6 

285.0 

ssr 

-mr 

166.6 

■^r 

■^76" 

195.5 

■m~ 

Moe" 

226.6 

5Tr 

"44276" 

265.6 

57r 

494.5 

285.5 

82 

287.6 

166.0 

92 

330.6 

196.0 

62 

391.5 

226.0 

12 

443.4 

266.0 

72 

496.4 

286.0 

S3 

2S8.4 

166.6 

93 

340.4 

196.6 

63 

392.3 

226.5 

13 

444.3 

256.5 

73 

496.3 

286.5 

34 

289.3 

167.0 

94 

34L2 

197.0 

64 

393.2 

227.0 

14 

446.2 

257.0 

74 

497.1 

287.0 

86 

29ai 

167.5 

96 

342.1 

197.6 

56 

394.0 

227.5 

15 

446.0 

257.6 

75 

497.9 

287.6 

30 

291.0 

168.0 

06 

343.0 

198.0 

66 

394.9 

228.0 

16 

440.9 

258.0 

76 

498.8 

288.0 

37 

291.9 

168.6 

97 

343.8 

198.5 

57 

306.8 

228.5 

17 

447.8 

258.5 

77 

409.7 

288.5 

38 

292.7 

169.0 

98 

344.7 

199.0 

58 

396.6 

229.0 

18 

448.6 

259.0 

78 

600.6 

289.0 

89 

293.8 

169.6 

99 

345.0 

199.6 

397.6 

229.5 

19 

449.4 

259.5 

79 

501.3 

289.5 

40 

204.6 

170.0 

400 

346.4 

200.0 

60 

398.4 

230.0 

20 

460.3 

260.0 

80 

502.2 

290.0 

■sir 

"aO" 

170.5 

ifsr 

"347X 

200.5 

461 

399.2 

230.5 

MT 

"45172" 

260.5 

Sir 

603.1 

290.5 

42 

296.2 

171.0 

02 

348.1 

201.0 

62 

400.1 

231.0 

22 

452.1 

261.0 

82 

604.0 

291.0 

43 

297.1 

171.5 

03 

349.0 

201.6 

63 

401.0 

231.5 

23 

462.9 

261.5 

83 

604.9 

291.5 

44 

297.9 

172.0 

04 

349.9 

202.0 

64 

401.8 

24 

453.8 

84 

505.8 

292.0 

46 

298.8 

172.5 

05 

350.7 

202.5 

65 

402.7 

232.5 

25 

454.7 

262.5 

85 

506.6 

292.6 

4e 

299.7 

173.0 

06 

351.6 

203.0 

66 

403.6 

233.0 

26 

455.5 

263.0 

86 

607.6 

293.0 

47 

300.6 

173.5 

07 

352.6 

203.5 

67 

404.4 

233.5 

27 

456.4 

263.5 

87 

508.4 

293.6 

48 

301.4 

174.0 

08 

363.3 

204.0 

68 

405.3 

234.0 

28 

457.3 

264.0 

88 

609.2 

294.0 

40 

302.3 

174.6 

00 

354.2 

204.5 

69 

406.2 

234.6 

29 

458.1 

264.6 

89 

510.1 

294.5 

60 

303.1 

176.0 

10 

355.1 

205.0 

70 

407.0 

236.0 

30 

459.0 

265.0 

90 

611.0 

295.0 

ssr 

304.0 

176.5 

411 

355.9 

206.5 

471 

407.9 

235.5 

63r 

459.0 

266.5 

"69r 

611.8 

295.5 

62 

304.8 

176.0 

12 

356.8 

206.0 

72 

408.8 

236.0 

32 

460.7 

266.0 

92 

612.7 

296.0 

63 

306.7 

176.5 

13 

357.7 

206.6 

73 

409.6 

236.5 

461.6 

266.5 

93 

613.6 

296.6 

64 

306.6 

177.0 

14 

358.6 

207.0 

74 

410.5 

237.0 

34 

462.5 

267.0 

94 

614.4 

297.0 

66 

307.4 

177.5 

15 

359.4 

207.6 

75 

411.4 

237.5 

35 

463.3 

267.5 

95 

616.3 

297.6 

66 

308.3 

178.0 

16 

360.3 

208.0 

76 

412.2 

238.0 

36 

464.2 

268.0 

96 

616.2 

208.0 

67 

309.2 

178.6 

17 

361.1 

208.6 

77 

413.1 

238.5 

37 

465.1 

268.6 

97 

517.0 

298.6 

68 

3iao 

179.0 

18 

362.0 

209.0 

78 

414.0 

239.0 

38 

465.9 

269.0 

08 

617.9 

299.0 

69 

310.9 

179.6 

19 

362.9 

209.6 

79 

414.8 

230.5 

39 

466.8 

269.6 

99 

618.8 

299.5 

60 

311.8 

180.0 

20 

363.7 

210.0 

80 

415.7 

240.0 

40 

467.7 

270.0 

600 

519.0 

300.0 

^ 

1).^ 

l*i. 

Dm. 

Dep. 

LM. 

DIM. 

Dep. 

L-t 

DM. 

Dep. 

IaX. 

DIM. 

D«p. 

LM. 

«©•  (120",  240»,  300").                                                                1 
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F»ffe692] 

TABLE  2. 

Difieieoceof  lAtttodeand  Deputore  for  31°  (140°,  211°,  329°). 

DM. 

IML 

Dep. 

Dirt. 

IM. 

De^ 

DM. 

1^ 

Dep. 

DM. 

lAt, 

Dep. 

DM. 

LkL 

D«u 

0.0 

0.6 

61 

62.8 

81.4 

121 

103.7 

62.3 

181 

166.1 

«3.2 

241 

206.6 

124.1 

1.7 

1.0 

62 

63.1 

31.9 

23 

104.6 

62.8 

82 

166.0 

93.7 

42 

207.4 

124.6 

2.6 

1.6 

640 

32.4 

23 

106.4 

63.3 

S3 

166.9 

94.3 

43 

208.3 

125.2 

8.4 

2.1 

64 

64.9 

33.0 

24 

106.3 

63.9 

84 

157.7 

04.8 

44 

209.1 

126.7 

4.S 

2.6 

65 

55.7 

33.5 

26 

107.1 

64.4 

86 

168.6 

96.3 

46 

210.0 

126.2 

6.1 

3.1 

66 

60.0 

34.0 

26 

10S.0 

64.9 

86 

159.4 

95.8 

46 

210.9 

126.7 

6.0 

3.6 

67 

57.4 

34.5 

27 

108.9 

66.4 

87 

160.8 

96,3 

47 

211.7 

127.3 

&9 

4.1 

68 

68.3 

35.0 

28 

109.7 

65.9 

88 

161.1 

96.6 

48 

212.6 

127.7 

7.7 

4.6 

69 

59.1 

36.6 

20 

110.6 

60.4 

89 

162.0 

97.3 

^ 

213.4 

128.2 

10 

8.6 

6.2 

70 

60.0 

36.1 

30 

11.4 

67.0 

90 

162.0 

97.9 

50 

214.3 

128.8 

^fr 

9.4 

6.7 

-tT 

60.9 

36.6 

131 

^277 

67.5 

m" 

16377- 

08.4 

^er 

215.1 

129.3 

12 

10.3 

6.2 

72 

61.7 

37.1 

32 

13.1 

68.0 

92 

164.6 

98.0 

52 

216.0 

129.8 

13 

U.l 

6.7 

73 

62.6 

37.6 

33 

114.0 

68.6 

93 

165.4 

99.4 

53 

216.9 

130.3 

14 

12.0 

7.2 

74 

63.4 

38.1 

34 

114.9 

69.0 

94 

106.3 

09.9 

64 

217.7 

130.8 

16 

12.9 

7.7 

75 

64.3 

38.6 

35 

116.7 

69.5 

95 

167.1 

100.4 

55 

21S.6 

131.3 

16 

13.7 

8.2 

76 

66.1 

39.1 

36 

116.6 

70.0 

96 

168.0 

100.9 

56 

219.4 

13L8 

17 

14.6 

8.8 

77 

66.0 

39.7 

37 

117.4 

70.6 

97 

168.9 

101.5 

67 

220.8 

132.4 

18 

15.4 

9.3 

78 

66.9 

40.2 

38 

118.3 

71.1 

98 

189.7 

102.0 

68 

221.1 

132.9 

19 

16.3 

9.8 

79 

67.7 

40.7 

39 

119.1 

71.6 

99 

170.6 

102.5 

59 

133.4 

20 

17.1 

10.3 

80 

63.6 

41.2 

40 

120.0 

72.1 

200 

71.4 

103.0 

60 

222;  9 

133.9 

TT 

"18.0 

10.  e 

81 

69.4 

41.7 

141 

"1209 

72.6 

MT 

"TO" 

103."5 

leT 

223.7 

134.4 

22 

18.8 

11.3 

82 

70.3 

42.2 

42 

121.7 

73.1 

02 

73.1 

104.0 

62 

224.0 

134.9 

23 

19.7 

11.8 

71.1 

42.7 

43 

122.6 

73.7 

03 

174.0 

104.6 

63 

225.4 

135.5 

24 

20.6 

12.4 

S4 

72.0 

43.3 

44 

123.4 

74.2 

0* 

174.9 

105.1 

64 

226.3 

136.0 

25 

21.4 

12.9 

85 

72.9 

43.8 

46 

124.3 

74.7 

06 

175.7 

105.6 

66 

227.1 

138.5 

1? 

22.3 

13.4 

86 

73.7 

44.3 

46 

126.1 

75.2 

06 

176,6 

106.1 

66 

228.0 

187.0 

23.1 

13.9 

87 

74.6 

44.8 

47 

126.0 

76.7 

07 

177.4 

106.6 

67 

228.9 

137.5 

28 

24.0 

14.4 

88 

76.4 

45.3 

48 

126.9 

76.2 

08 

178,3 

107.1 

68 

229.7 

138.0 

29 

24.9 

14.9 

89 

76.3 

46.8 

49 

127.7 

76.7 

09 

179.1 

107.6 

69 

230.6 

138.5 

30 

28.7 

16.6 

90 

77.1 

46.4 

60 

128.6 

77.3 

10 

180.0 

108.2 

70 

231.4 

139.1 

31 

26.6 

16.0 

91 

78.0 

46.9 

161 

129.4 

77.8 

"2rr 

180.9 

10877" 

-StT 

-^73- 

139.6 

27.4 

16.6 

78.9 

47.4 

62 

130.3 

78.3 

12 

181.7 

109.2 

72 

233.1 

140.1 

28.3 

17.0 

93 

79.7 

47.9 

53 

131.1 

73.8 

13 

182.6 

109.7 

73 

234.0 

140.6 

34 

29.1 

17.6 

94 

80.6 

48.4 

54 

132.0 

79.3 

14 

183.4 

110  2 

74 

234.9 

141.1 

36 

30.0 

18.0 

95 

81.4 

48.9 

66 

132.9 

79.8 

15 

184.3 

110.7 

76 

235.7 

141.6 

36 

30.9 

18.5 

96 

82.3 

49.4 

56 

133.7 

80.  S 

16 

1S6.1 

111.2 

76 

236.6 

142.2 

37 

81.7 

19.1 

97 

83.1 

60.0 

67 

134.6 

80.9 

17 

186.0 

111.8 

77 

237.4 

142.7 

38 

19.6 

98 

84.0 

50.6 

68 

136.4 

81.4 

IB 

186.9 

112.3 

78 

238.3 

143.2 

39 

33.4 

20.1 

99 

84.9 

61.0 

59 

136.3 

81.9 

19 

187.7 

112.8 

79 

239.1 

143.7 

40 

34.3 

20.6 

100 

86.7 

61.5 

60 

137.1 

82.4 

20 

188.6 

113.3 

80 

240.0 

144.2 

41 

35.1 

21.1 

"ioT 

86.6 

62.0 

161 

138.0 

62.9 

i2r 

189.4 

113.8 

IsT 

240.9 

144.7 

42 

36.0 

21.6 

02 

87.4 

52.5 

62 

138.9 

83.4 

22 

190.3 

114.3 

82 

241.7 

145.2 

43 

36.9 

22.1 

03 

88.  S 

63.0 

63 

139.7 

84.0 

23 

191.1 

114.9 

S3 

242,6 

145.8 

44 

37.7 

22.7 

04 

89.1 

53.6 

64 

140.6 

84.5 

24 

192.0 

115.4 

84 

243.4 

146.3 

45 

38.6 

23.2 

05 

90.0 

64.1 

65 

141.4 

85.0 

26 

192.9 

115.9 

86 

244.3 

146-8 

46 

39.4 

23.7 

06 

90.9 

64.6 

66 

142.3 

85.5 

26 

193.7 

116.4 

86 

246.1 

147.3 

47 

40.3 

24.2 

07 

91.7 

55.1 

67 

143.1 

86.0 

27 

194.6 

116.9 

87 

248.0 

147.8 

48 

41.1 

24.7 

08 

92.6 

55.6 

68 

144.0 

88.5 

28 

195.4 

117.4 

88 

246.9 

148.3 

49 

42.0 

25.2 

09 

93.4 

66.1 

69 

144.9 

87.0 

29 

196.3 

117.9 

89 

247.7 

143.8 

50 

42.9 

25.8 

10 

B4.3 

56.7 

70 

146.7 

87.6 

30 

197.1 

118.5 

90 

248.6 

149.4 

"ST 

43.7 

26.3 

HI 

96.1 

67.2 

171 

146.6 

88.1 

231 

198.0 

119.0 

291 

249.4 

T^TO" 

44.6 

26.8 

12 

96.0 

67.7 

72 

147.4 

88.6 

32 

198.9 

119,5 

92 

250.3 

150.4 

63 

45.4 

27.3 

13 

96.9 

68.2 

73 

148.3 

89,1 

33 

199.7 

120.0 

OS 

261.2 

150.9 

54 

46.3 

27.8 

U 

97.7 

68.7 

74 

149.1 

89.6 

34 

200.6 

120,5 

94 

252.0 

151.4 

55 

47.1 

28.3 

16 

98.6 

69.2 

76 

160.0 

90. 1 

36 

201.4 

121.0 

95 

252.9 

151.9 

56 

48.0 

28.8 

16 

99.4 

59.7 

76 

150.0 

00.6 

36 

202.3 

121,6 

06 

263.7 

152.5 

67 

48.9 

29.4 

17 

100.3 

60.3 

77 

151.7 

01.2 

37 

203.1 

122,1 

97 

254.6 

153.0 

68 

49.7 

29.9 

18 

101.1 

80.8 

78 

152.6 

91.7 

38 

204.0 

122.6 

98 

265.4 

153.6 

50 

60.6 

30.4 

19 

102.0 

61.3 

79 

153.4 

92.2 

39 

204.9 

123,1 

09 

266.3 

154.0 

60 

61.4 

30.9 

20 

102.9 

61.8 

80 

164.3 

92.7 

40 

206.7 

123.6 

300 

267.1 

154.6 

MM. 

Dep. 

LU. 

DM. 

Dep. 

IM. 

^ 

Dep. 

I-L 

dmT 

D«p. 

Lat. 

DM. 

Df^. 

Lu. 
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TABLE  2.                                        [Page  698 

Difference  of  Utitnde  and  Depwtore  for  31=  (149",  ail",  32»«). 

Dm. 
301 

Lat. 

Dep. 

DM. 

L«t 

Dfp. 

DIhL  j     Lat 

Dep. 

Dirt. 

lAt 

Dep. 

DIM. 

Ut 

Dep. 

258.0 

156.0 

361 

309.4 

186.9 

421 

360.9 

216.8 

481 

412.3 

247.7 

641 

463.7 

278.6 

02 

258.9 

155.5 

310.3 

186.4 

22 

361.7 

217.3 

82 

413.2 

248.2 

42 

464.6 

279.1 

03 

259.7 

156.1 

63 

311.2 

187.0 

362.6 

217.9 

S3 

414. 0 

248.8 

43 

466.4 

279.7 

04 

260.6 

166.6 

64 

312.0 

187.5 

24 

363.4 

218.4 

84 

414.9 

249.3 

44 

466.3 

280.2 

06 

261.4 

157.1 

65 

312.9 

188.0 

25 

364.3 

218.9 

85 

415,7 

249.8 

45 

467.2 

280.7 

06 

262.3 

157.6 

66 

313.7 

188.5 

26 

366.2 

219.4 

86 

416.6 

250.3 

46 

468.0 

281.2 

07 

263.2 

168.1 

67 

314.8 

189.0 

27 

366.0 

219.9 

87 

417.4 

250.8 

47 

468.9 

281.7 

08 

264.0 

168.6 

68 

315.4 

189.6 

28 

366.9 

220.4 

418.3 

251.3 

48 

469.7 

282,3 

09 

264.9 

159.2 

69 

316.3 

190.1 

29 

367.7 

221.0 

419.2 

251.9 

49 

470.6 

282.8 

10 

265.7 
266.6 

159.7 
ISO.  2 

70 

■stT 

317.2 
318.0 

190.6 
191.1 

30 

431" 

368.8 

221.6 

90 

420.0 

252.4 

50 

471.4 

283.3 

369.4 

222.0 

49r 

420.9 

252.9 

l5i" 

472. 3 

12 

267.4 

160.7 

72 

318.9 

191.6 

32 

370.3 

222.5 

92 

421.7 

263.4 

62 

473.2 

284.3 

13 

268.3 

161.2 

73 

319.7 

192.1 

33 

371.2 

93 

422.6 

253.9 

53 

474.0 

284.8 

14 

269.2 

161.7 

74 

320.6 

192.6 

34 

372.0 

223.5 

94 

423.4 

264.4 

64 

474.9 

286.3 

15 

270.0 

162.2 

75 

321.4 

193.1 

35 

372.9 

224.0 

96 

424.3 

264.9 

65 

475.7 

285.8 

16 

270.9 

162.8 

76 

322.3 

193.7 

36 

373.7 

224.6 

96 

426.2 

265.5 

66 

476.6 

286.4 

17 

271.7 

163.3 

77 

323.2 

194.2 

37 

374.6 

226.1 

97 

426.0 

266.0 

67 

477.4 

286.9 

18 

272.6 

163.8 

78 

324.0 

194.7 

38 

375.4 

225.6 

426.9 

256.6 

58 

478.3 

287.4 

10 

273.4 

164.3 

79 

324.9 

195.2 

39 

376.3 

226.1 

99 

427.7 

267.0 

59 

479.2 

287.9 

20 

■32r 

274.3 
"275:2" 

164.8 
165.3 

80 

■ssT 

326.7 

326.6 

195.7 
196.2 

40 

■441 

377.2 
"378.0 

226.6 

600 

428.6 

267.6 

60 

480.0 

288.4 

"22771 

507 

429.4 

258.0 

■667 

480.9 

288.9 

22 

276.0 

166.8 

196.7 

42 

378.9 

227.7 

02 

430.3 

258.6 

62 

481.7 

289.6 

23 

276.9 

166.4 

83 

328.3 

197.3 

43 

379.7 

226.2 

03 

431.2 

259.1 

63 

482.6 

290.0 

24 

277.7 

166.9 

84 

329.2 

197.8 

44 

380.6 

228.7 

04 

432.0 

^.6 

64 

483.4 

290.6 

25 

278.6 

167.4 

85 

330.0 

198.3 

45 

381.4 

229.2 

05 

432.9 

260.1 

66 

484.3 

291.0 

28 

279.4 

167.9 

86 

330.9 

198.8 

46 

229.7 

06 

433.7 

260.6 

66 

486.2 

291.6 

27 

280.3 

168.4 

87 

331.7 

199.3 

47 

383.2 

230,2 

07 

434.6 

261.1 

67 

486.0 

292.0 

28 

281.2 

168.9 

332.6 

199.8 

48 

384.0 

230.7 

08 

435.4 

261.6 

486.9 

292.5 

29 

282.0 

169.6 

333.4 

200.4 

49 

384.9 

231.3 

09 

436.3 

262.2 

69 

487.7 

293.1 

30 

262  9 

170.0 

90 

334.3 

200.9 

50 

386.7 

231.8 

10 

437.2 

262.7 

70 

488.6 

293.6 

331 

283.7 

170.5 

IgT 

335.2 

201.4 

IST 

386.6 

232.3 

6ir 

438.0 

263.2 

571 

489.4 

294.1 

82 

284.6 

171.0 

92 

336.0 

201.9 

52 

387.4 

232.8 

12 

438.9 

263.7 

72 

490.3 

294.6 

33 

285.4 

171.5 

93 

336.9 

202.4 

53 

388.3 

233.3 

13 

439.7 

264.2 

73 

491.2 

295.1 

34 

172.0 

94 

337.7 

202.9 

54 

389.2 

233.8 

14 

440.6 

264.7 

74 

492.0 

296.6 

35 

28?!  2 

172.6 

95 

33s.  6 

203.4 

55 

390.0 

234.3 

15 

441.4 

266.2 

75 

492.9 

296.1 

36 

288.0 

173.1 

96 

839.4 

204.0 

56 

390.9 

234.9 

16 

442.3 

265.8 

76 

493.7 

296.7 

37 

288.9 

173.6 

97 

340.3 

204.6 

57 

391.7 

236.4 

17 

443.2 

266.3 

77 

494.6 

297.2 

38 

289.7 

174.1 

98 

341.2 

205.0 

58 

392.6 

18 

444.0 

266.8 

78 

495.4 

297.7 

39 

290.6 

174.6 

99 

342.0 

2&5.5 

59 

393.4 

236.4 

19 

444.9 

267.3 

79 

496.3 

298.2 

40 

291.4 

175.1 

400 

342.9 

206.0 
20676 

60 

394.3 

236.9 

20 

445.7 

287.8 

80 

4B7.2 

Sir 

292.3 

175.6 

401 

343.7 

wr 

lm72 

23774" 

627 

446.6 

268.3 

681 

498.0 

42 

293.2 

176.1 

02 

344.6 

207.0 

62 

396.0 

447.4 

268.9 

498.9 

299!  8 

43 

294.0 

176.7 

03 

345.4 

207.6 

63 

396.9 

238.5 

23 

448.3 

269.4 

83 

499.7 

300.3 

44 

294.9 

177.2 

04 

346.3 

208.1 

64 

397.7 

239.0 

24 

449.2 

269.9 

84 

500.6 

300.8 

46 

295.7 

177.7 

05 

347.2 

208.6 

65 

398.6 

239.5 

■26 

450.0 

270.4 

86 

601.4 

801.3 

46 

296.6 

178.2 

06 

348.0 

209.1 

66 

399.4 

240.0 

26 

450.9 

270.9 

66 

502,3 

301.6 

47 

297.4 

178.7 

07 

348.9 

209.6 

67 

4O0.3 

240.6 

27 

451.7 

271.4 

87 

503.2 

302.3 

48 

2M.3 

179.2 

08 

349.7 

210.1 

68 

401.2 

241.0 

26 

462.6 

271.9 

88 

504.0 

302.8 

4ft 

299.2 

179.8 

09 

350.6 

210.7 

69 

402.0 

241.5 

29 

453.4 

272.4 

604.9 

303.3 

60 

300.0 

180.3 

10 

851.4 
352.3" 

211.2 

70 

402.9 

242.1 

30 

454.3 

273.0 

90 

605.7 

303.9 

300.9 

180.8 

411 

YilTT 

471 

403.7 

242.6 

"537 

456.2 

273.6 

691 

606.6 

-mr 

C2 

801.7 

181.3 

12 

353.2 

212.2 

72 

404.6 

243.1 

32 

456.0 

274.0 

92 

507.4 

304,9 

63 

302.6 

181.8 

13 

354.0 

212.7 

73 

405.4 

243.6 

33 

456.9 

274.6 

93 

508.3 

306.4 

64 

303.4 

182.3 

14 

354.9 

213.2 

74 

406.3 

244.1 

34 

457.7 

276.0 

94 

509.2 

306.9 

66 

904.3 

182.8 

15 

365.7 

213.7 

75 

407.2 

244.6 

35 

468.6 

276.5 

95 

510.0 

306.4 

66 

305.2 

183.4 

16 

366. 6 

214.3 

76 

408.0 

245.2 

36 

469.4 

276.1 

96 

610,9 

307.0 

67 

306.0 

183.9 

17 

357.4 

214.8 

77 

406.9 

246.7 

37 

460.3 

276.6 

97 

611.7 

307.6 

68 

306.9 

1S4.4 

18 

368.3 

216.3 

78 

409.7 

246.2 

38 

461.2 

277.1 

98 

612.6 

308.0 

69 

307.7 

184.9 

19 

369.2 

215.8 

79 

410.6 

246.7 

39 

462.0 

277.6 

99 

513.4 

306.5 

60 

308.6 

185.4 

20 

360.0 

216.3 

80 

411.4 

247.2 

40 

462.9 

278.1 

600 

614.8 

309.0 

DM. 

Dep. 

lAt. 

Dirt. 

Dep. 

Ut 

^t 

J»v. 

Ut 

DM. 

Dep. 

Lat 



Dlit 

Dep, 

Lat 
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Fag«  594]                                         TABLE  2. 

Ditterence  at  latitude  and  Departure  far  32°  (146°,  212°,  328°). 

Dlat. 

Lat. 

Dep. 

Dtn. 

lAt. 

Dtp. 

DM. 

L«t. 

Dep. 

Dirt. 

L«L 

Dep. 

DUt. 

IM. 

Deft. 

1 
2 
3 
4 

6 
7 
8 
9 
10 

0.8 
1.7 
2.5 
3.4 
4.2 
5.1 
6.9 
6.8 
7.6 
8.5 

0.5 
1.1 
1.6 
2.1 
2.6 
3.2 
3.7 
4.2 
4.8 
5.3 

61 
•62 

64 
66 
66 
67 

60 
70 

51.7 
62.6 
53.4 
64.3 
66.1 
56.0 
56.8 
57.7 
56.5 
59.4 

32.3 
32.9 
33.4 
33,9 
34.4 
36.0 
35.5 
36.0 
36.6 
37.1 

121 
22 

24 
25 
26 
27 
28 
29 
30 

102.6 
103.5 
104.3 
105.2 
106.0 
106.9 
107.7 
108.6 
109.4 
110.2 

64.1 
64.7 
65.2 
65.7 
66.2 
66.8 
67,3 
67.8 
68.4 
68.9 

181 
82 

84 
85 
86 
87 
88 
89 
90 

163.6 
164.3 
156.2 

156.0 
156.9 
157.7 
158.6 
169.4 
160.3 
161.1 

95.0 
96.4 

97.0 
97.6 
98.0 
98,6 
99.1 
90.6 
100.2 
100,7 

241 
42 
43 
44 
45 
46 
47 
48 
49 
60 

204.4 
205.2 
206.1 
206.9 
207.8 
208.6 
209.6 
2ia3 
211.2 
212.0 

127.7 
128. 2 
12a8 
129.3 
129.8 
130.4 

laao 

131.4 
131.9 

132.5 

11 
12 
13 
14 
15 
16 
17 
18 
19 
SO 

10.2 
11.0 
11.9 
12.7 
13.6 
14.4 
IS.  3 
16.1 
17.0 

6.4 
6.9 
7.4 
7.9 
8.5 
9.0 
9.6 
10.1 
10.6 

72 
73 

74 
75 
76 
77 
78 
79 
80 

61.1 
61.9 
62.8 
63.6 
64.5 
65.3 
66.1 
67.0 
67.8 

38.2 
38.7 
39.2 
39.7 
40.3 
40.8 
41.3 
41.9 
42.4 

32 
33 
34 
36 
36 
37 

30 
40 

111.1 

111.9 
112.8 
113.6 
114.6 
115.3 
116.2 
117.0 
117.9 
118.7 

69,4 

70!5 
71.0 
71.6 
72.1 
72.6 
73.1 
73.7 
74.2 

94 
96 
96 
97 
98 
96 
200 

162.8 
163.7 
164.5 
165.4 

166.2 
167.1 

167.9 
168.8 
169.6 

101.7 
102.3 
102.8 
103.3 
103.9 
104.4 
104.9 
105.6 
106,0 

62 
63 
54 
55 

66 
57 
56 
59 

60 

213.7 
214.6 
215.4 
216.3 
217.1 
217.9 
218.8 
219.6 
220.6 

133.5 
134.1 
134.6 
136.1 
135.7 
136.2 
138.7 
137.2 
137.8 

22 
23 
24 
26 
23 
27 
28 
20 
30 

18.7 
19.6 
20.4 
21.2 
22.0 
22.9 
23.7 
24.6 
25.4 

11.1 
11.7 
12.2 
12.7 
13.2 
13.8 
14.3 
14.8 
16.4 
15.9 

82 
83 
84 
86 
86 
87 
88 
89 
90 

60.6 
70.4 
71.2 
72.1 
72.9 
73.8 
74.6 
76.5 
76.3 

43.6 
44.0 
44.5 
46.0 
45.6 
46.1 
46.6 
47.2 
47.7 

141 
42 

4a. 

44 

46 
46 

47 
48 
49 
60 

119.6 
120.4 
121.3 
122.1 
123.0 
123.8 
124.7 
126.5 
126.4 
127.2 

74.7 
75.2 
75.8 
76.3 
76.8 
77.4 
77.9 
78.4 
79.0 
79.5 

201 
02 
03 
04 
06 
06 
07 
08 
09 
10 

170.5 
171.3 
172.2 
173.0 
173.8 
174.7 
176.6 
176.4 
177.2 
178.1 

106.5 
107.0 
107.6 
108.1 
108.6 
109.2 
100.7 
110.2 
110.8 
111,3 

63 
64 
66 
66 
67 

68 
70 

282.2 
223.0 
223.9 
224.7 
225.6 
226.4 
227.3 
228.1 
229.0 

13a.  8 
139.4 
1SB.9 
140.4 
141.0 
141.6 
142.0 
142.6 
143,1 

32 
33 
34 
36 
86 
37 
38 
39 
40 

27.1 
28.0 
28.8 
29.7 
30.6 
31.4 
32.2 
33.1 
33.9 

17.0 
17.5 
18.0 
18.6 
19.1 
19.6 
20.1 
2a7 
21.2 

93 
94 
95 
06 
97 
98 
99 
100 

78.0 
78.9 
79.7 
80.8 
81.4 
82.3 
83.1 
84.0 
84.8 

48.8 
49.3 
49.8 
60.3 
60.9 
51.4 
61.9 
62.5 
53.0 

Ibl 
62 
53 
54 
65 
56 
57 
58 
59 
60 

128.9 
129.8 
130.6 
131.4 
132.3 
133.1 
134.0 
134.8 
135.7 

80.5 
81.1 
81,6 
82.1 
82.7 
83.2 
83.7 
84.3 
84.8 

211 

18 
19 
20 

178.9 
179.8 
180.8 
181.6 
182.3 
183.2 
184.0 
184.9 
185.7 
186.6 

111.8 
112.3 
112.9 
113.4 

113,9 

114:5 

115.0 

115.5 
116.1 
116,6 

72 
73 

74 
75 
76 
77 
78 
79 
80 

230.7 
231.6 
232.4 
233.2 
234.1 
234.9 
236.8 
236.6 
237.5 

143.6 
144.1 
144.7 
145.2 
146.7 
146.3 
146.8 
147.  S 
147.8 
148.4 

41 
42 
43 
44 
45 
4« 
47 
48 
49 
60 

36.6 
36.5 
37.3 
38.2 
39.0 
39.9 
40.7 
41.6 
42.4 

21.7 
22.3 
22.8 
23.3 
23.8 
24.4 
24.9 
26.4 
26.0 
26.6 

02 
03 
04 
06 
06 
07 
08 
09 
10 

86.5 
87.3 
88. 2 
89.0 
89.9 
90.7 
91.6 
92.4 
93.3 

53.5 

64.1 
64.6 
55.1 
66.6 
66.2 
66.7 
67.2 
67.8 
58.3 

161 
62 
63 
64 
66 
66 
67 
68 
69 
70 

136.5 

137.4 
138.2 
139.1 
139.9 
140.8 
141.6 
142.5 
143.3 
144.2 

85.3 
85,8 
86.4 
86,9 
87.4 
88,0 
88.6 
89,0 
89.  S 
90.1 

221 
22 
23 
24 
26 
26 
27 
28 
29 
30 

187.4 
188.3 
189. 1 
190.0 
190.8 
191.7 
192.5 
193,4 
194.2 
196.1 

117.1 

117.6 
118.2 
118.7 
119.2 
119.8 
120.3 
120.8 
121.4 
21.9 

281 
82 
83 
84 
86 
86 
87 
88 
89 
90 

239.1 
240.0 
210.8 
241.7 
242.5 
243.4 
244.2 
246.1 
245.9 

148.9 
149.4 
160.0 
15a  5 
151,0 
151,6 
152.1 
162.6 
153.1 
153.7 

61 
62 
63 
64 
66 
60 
67 
58 
69 
60 

43.3 
44.1 
44.9 
46.8 
46.  S 
47.6 
48,3 
49.2 
50.0 
60.9 

27.6 
28.1 

29!  1 
29.7 
30.2 
30.7 
31.8 
31.8 

111 
12 
13 
14 
15 
16 
17 
18 
19 
20 

94.1 
96.0 
95.8 
96.7 
97.6 
98.4 
99. 2 
100.1 
100.9 
101.8 

58.8 
69.4 
59.9 
60.4 
60.9 
61.6 
62.0 
62.5 
63.1 
63.6 

171 
72 
73 
74 
76 
76 
77 
78 
79 
80 

145.0 
146.0 
146.7 
147.6 
148.4 
149.3 
160.1 
161.0 
161.8 
152.6 

90.6 
91.1 
01.7 
92.2 
92.7 
93.3 
93.8 
94.3 
94.9 
96.4 

32 
33 
34 
36 
36 
37 
38 
39 
40 

196.9 
196.7 
197.6 
198.4 
199.3 
200.1 
201.0 
201.8 
202.7 
203.5 

22.9 
123.5 
124.0 
124.6 
125.1 
126.6 
126.1 
126.7 
127.2 

92 
93 
94 
96 
96 
97 
98 
99 
300 

246.8 
247.6 
248.6 
249.3 
250.2 
261.0 
261.9 
252.7 
253.6 
254.4 

154.2 
154.7 
155.3 
155.8 
166.3 
156.9 
157.4 
157.9 
158.4 
159.0 

Dtot 

Dep. 

Ut. 

DM. 

Dep. 

i*t. 

Dtat 

I>»P. 

IM. 

Dbt. 

D«p. 

IM. 

DM. 

D<p. 

Ut. 
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TABLE  2.                                        [P»g«  ros 

Diflennce  of  latitude  and  Departure  for  32°  (148°,  212°,  32S°). 

IMR. 

IM. 

Dep. 

Slit. 

L>t 

Dep. 

Dirt. 

Ut 

Dep. 

Dirt. 

1*1. 

Dep. 

Dtn. 

IM. 

Dep. 

801 

166.3 

159.6 

361 

306.2 

191.3 

421 

857.0 

223.1 

481 

407.9 

264.9 

541 

468.8 

286.7 

02 

256.1 

160.0 

62 

307.0 

191.8 

22 

357.9 

223.6 

82 

408,8 

255.4 

42 

469.6 

287.2 

03 

257.0 

160.6 

63 

307.9 

192.3 

23 

358.7 

224.1 

83 

409.6 

256.9 

43 

460.5 

287.7 

04 

257.8 

161.1 

64 

308.7 

192.0 

24 

369.6 

224.7 

81 

410.5 

256.5 

44 

461.3 

288.3 

06 

161.6 

66 

309.6 

193.4 

25 

360.4 

225.2 

86 

411.3 

257.0 

46 

462.2 

06 

162.1 

86 

310.4 

193.9 

26 

361.3 

225.7 

86 

412,2 

257.5 

46 

463.0 

289!  3 

07 

260.4 

162.7 

67 

311.2 

194.6 

27 

362.1 

226.3 

87 

413,0 

258.1 

47 

463.9 

08 

261.2 

163.2 

68 

312.1 

195.0 

28 

363.0 

228.8 

413.9 

258.8 

48 

464.7 

290!  4 

09 

163.7 

312.9 

195.6 

29 

363.8 

227.3 

89 

414.7 

49 

465.6 

290.9 

10 

262.9 

154.3 

70 

313.8 

196.0 

30 

364.7 

227.8 

90 

415.6 

259.6 

50 

466,4 

291.6 

mr 

283.8 

164.8 

stT 

314.6 

196.6 

«r 

228.4 

49r 

416.4 

260.2 

MT 

467.3 

292.0 

12 

264.6 

166.3 

72 

316.5 

197.1 

32 

366!  4 

228.9 

92 

417.3 

260.7 

52 

468.1 

292.5 

13 

265.4 

165.8 

73 

316.3 

197.6 

33 

367.2 

229.4 

93 

418.1 

261.2 

53 

469.0 

293.0 

14 

266.3 

166.4 

74 

317.2 

198.2 

34 

368.1 

230.0 

94 

419.0 

261.8 

54 

489.-8 

293.6 

15 

267.1 

166.9 

75 

318.0 

198.7 

35 

368.9 

230.5 

06 

419.8 

282.3 

65 

470.7 

294.1 

16 

268.0 

167.4 

76 

318.9 

199.2 

36 

369.8 

231.0 

96 

420.6 

56 

471.5 

294.6 

17 

268.8 

168.0 

77 

319.7 

190.8 

37 

370.6 

231.8 

97 

421.6 

263.4 

67 

472.4 

295.2 

IS 

269.7 

168.5 

78 

320.6 

200.3 

38 

371.5 

232.1 

98 

422.3 

263.9 

58 

473.2 

296.7 

19 

270.5 

169.0 

79 

321.4 

200.8 

39 

372.3 

99 

423.2 

264.4 

59 

474.1 

296.2 

20 

271.4 

189.6 

80 

322.3 

201.3 

40 

373.2 

233.1 

600 

424.0 
424:Y 

265,0 
265,5 

60 

474.9 

296.7 

^r 

'ZIZT 

170.1 

wr 

-mrr 

201.9 

44r 

374.0 

233.7 

MT 

475.8 

297.3 

22 

273.1 

170.6 

82 

824.0 

202.4 

42 

374.8 

234.2 

02 

425.7 

62 

476.6 

297.8 

23 

273.9 

171.1 

83 

324.8 

202.9 

43 

376.7 

234.7 

03 

426.6 

26e!5 

63 

477.5 

298.3 

24 

274.8 

171.7 

84 

325.7 

203.6 

44 

376.5 

04 

427.4 

267.1 

64 

478.3 

298.9 

25 

276.6 

172,2 

86 

326.5 

204.0 

46 

377.4 

235.8 

06 

428.3 

267.6 

65 

479.2 

299.4 

26 

276.5 

172.7 

86 

327.4 

204.5 

46 

378.2 

236.3 

06 

429.1 

268.1 

66 

480.0 

299.9 

27 

277.3 

173.3 

87 

205.1 

47 

379.1 

236.8 

07 

430.0 

288.7 

67 

480.9 

300.5 

28 

278.2 

173.8 

88 

329!  I 

205.6 

48 

379.9 

237.4 

08 

430.8 

269.2 

66 

481.7 

301.0 

29 

279.0 

174.3 

329.9 

206.1 

49 

380.8 

237.9 

09 

431.7 

269.7 

69 

482.6 

301.6 

30 

279.0 

174.9 

BO 

330.8 

206.6 

50 

381.6 

238.4 

10 

432.5 

270.3 

70 

483.4 

302.1 

33r 

-mx 

175.4 

'm' 

331.6 

207.2 

45r 

382.5 

239.0 

■5ir 

433.4 

270.8 

STT 

484,3 

302.6 

32 

281.6 

176.9 

92 

332.5 

207.7 

52 

383.3 

12 

434.2 

271.4 

72 

485.1 

303.2 

33 

282.4 

176.4 

93 

208,2 

53 

384.2 

24o!o 

13 

436.1 

271.9 

73 

488.0 

303.7 

34 

177.0 

94 

334.2 

208.8 

54 

240.6 

14 

435.9 

272.4 

74 

486.8 

30i.2 

35 

284.1 

177.5 

95 

335.0 

209.3 

56 

385!  9 

241.1 

16 

436.8 

272.9 

76 

487.7 

304.7 

3S 

286.0 

178.0 

96 

335.8 

209.8 

68 

386.7 

241.6 

16 

437.6 

273.6 

76 

488.5 

805.3 

37 

285.8 

178.6 

97 

336.7 

210.4 

57 

387.6 

242.2 

17 

438.6 

274.0 

77 

489.4 

306.8 

38 

286.  T 

179.1 

98 

337.5 

210.9 

58 

242.7 

16 

439.3 

274.5 

78 

490.2 

306.3 

39 

287.5 

179.6 

99 

338.4 

211.4 

89 

380!3 

243.2 

19 

440.2 

275.0 

79 

491.1 

306.8 

40 

288.3 

180.2 

400 

339.2 

211.9 

80 

390.1 

243.8 

20 

441,0 

275,6 

80 

491.9 

307.4 

3«" 

289.2 

180.7 

4or 

340.1 

212.5 

lor 

"391.0 

244.3 

52r 

441.9 

276.1 

"Bar 

492.8 

307.9 

42 

290.0 

181.2 

02 

340.9 

213.0 

62 

391.8 

244.8 

442.7 

276.6 

82 

493.8 

308.4 

43 

290.9 

181.7 

03 

341.8 

213.5 

83 

392.7 

245.4 

23 

443.6 

277.2 

83 

494.5 

309.0 

44 

291.7 

182.3 

04 

342.6 

214.1 

64 

393.6 

245.9 

24 

444.4 

277.7 

84 

496.3 

309.5 

46 

292.6 

182.8 

06 

343.6 

214.6 

66 

394.4 

248.4 

25 

446.3 

278.2 

85 

496.2 

310.0 

46 

293.4 

183.3 

06 

344.3 

215.1 

66 

305.2 

246.9 

26 

446.1 

278.7 

86 

497.0 

310.5 

47 

294.3 

183.9 

07 

345.2 

216.7 

67 

896.0 

247.5 

27 

446.9 

279.3 

87 

497.8 

311.1 

48 

295.1 

184.4 

08 

346.0 

216.2 

68 

396.9 

248.0 

28 

447.8 

279.8 

498.7 

3U.e 

49 

296.0 

134.9 

09 

346.0 

216.7 

69 

397.7 

248.6 

29 

448.6 

280.3 

89 

499.6 

312.1 

50 

296.8 

186.4 

10 

347.7 

217.2 

70 

308.0 

249.0 

30 

449.6 

280.9 

90 

500.3 

312.6 

SST 

297.7 

186.0 

411 

348.6 

217.8 

471 

399.4 

249.6 

53r 

460.3 

281,4 

"sgT 

601.2 

313,2 

62 

298.5 

186.5 

12 

349.4 

218.3 

72 

400.3 

250.1 

32 

461.1 

281.9 

92 

502.0 

313.7 

53 

296.4 

187.0 

13 

350.3 

218.8 

73 

401.1 

250.6 

452.0 

282.4 

93 

502.9 

314.2 

54 

300.2 

187.6 

14 

351.1 

219.4 

74 

402.0 

261.2 

34 

462.8 

283,0 

94 

503,7 

314.8 

65 

301.1 

188.1 

15 

352.0 

219.9 

75 

402.8 

251.7 

35 

463.7 

283,6 

96 

604.6 

315,3 

66 

301.9 

188.6 

16 

352.8 

220.4 

76 

403.7 

252.2 

38 

464.6 

284.0 

96 

605.4 

315.8 

57 

302.8 

189.2 

17 

353.6 

221.0 

77 

404.5 

262,8 

37 

455.4 

284.6 

97 

606,2 

316.4 

6B 

303.6 

189.7 

18 

354.5 

221.6 

78 

406.4 

263.3 

466.2 

235,1 

607,1 

318.9 

59 

304.6 

190.2 

10 

356.3 

222.0 

79 

406.2 

253.8 

39 

467.1 

285.8 

99 

608.0 

317.4 

60 

306.3 

190.8 

20 

356.2 

222.5 

SO 

407.1 

254.3 

40 

457.9 

286.2 

600 

508.8 

318.0 

DW. 

Dep. 

lAt. 

DIM. 

Dep. 

LBt. 

Dt>c 

Dep. 

Lat. 

DtaT 

Dep. 

Ut. 

^Z 

Dep. 

Lat. 
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FaCeS96] 

TABLE  2. 

1 

Diflerenoe  of  lAtitade  and  Departure  tot  33"  (147°,  213".  S27«).                                | 

Utt. 

UL 

Dep. 

nit. 

Lat 

Dep. 

DIlL  1      lAt. 

Dep. 

DIM. 

Lat    1  Dep. 

IHit. 

I«t 

D«P. 

1 

as 

as 

61 

51.2 

33.2 

121 

101.5 

65.9 

T^ 

151.8  1   98.6 

241 

202.1 

131.  S 

8 

17 

LI 

62 

62.0 

33.8 

22 

102.3 

66.4 

162.6  1   99.1 

42 

203.0 

131.8 

8 

a.5 

1.6 

63 

62.8 

34.3 

23 

103.2 

67.0 

83 

153.5  (  99.7 

43 

203.8 

132.3 

4 

8.4 

2.2 

64 

53.7 

34.9 

24 

104.0 

67.5 

84 

154.3    100.2 

44 

204.6 

132.9 

6 

4.3 

S.7 

65 

54.6 

36.4 

25 

1M.8 

68.1 

85 

155.2    100.8 

45 

205.6 

133.4 

6 

5.0 

8.3 

66 

65.4 

35.9 

26 

105. 7     68. 6 

86 

156.0    101.3 

46 

206.  S 

134.0 

7 

6.9 

8.8 

67 

56.2 

36.5 

27 

106.5 

69.2 

87 

156.8    101.8 

47 

207-2 

134.5 

8 

6.7 

4.4 

68 

57.0 

37.0 

28 

107.3 

69.7 

88 

157.7  1102.4 

48 

208.0 

135.1 

9 

7.6 

4.9 

69 

57.9 

37.6 

29 

108.2 

70  3 

168.5 

102.9 

49 

208.8 

135.6 

10 

TT 

8.4 
-T2 

6.4 

*.o 

70 
IT 

58.7 
"6976" 

38.1 
38.7 

30 
131 

109.0 

109.9 

70  8 
71.3 

90 

"T9r 

159.3 
160.2 

103.5 
104.0 

50 
251 

209.7 
210:5^ 

136.2 

136.7 

12 

lai 

6.6 

72 

60.4 

39.2 

32 

110  7 

71.9 

92 

161.0 

104.6 

52 

211.3 

137.2 

13 

10.9 

7.1 

73 

61.2 

39.8 

33 

111.5 

72.4 

93 

161.9 

105.1 

63 

212.2 

137.8 

14 

U.7 

7.6 

74 

62.1 

40.8 

34 

112.4 

73.0 

94 

162.7 

105.7 

64 

213.0 

133.3 

16 

12.6 

8.2 

75 

62.9 

40.3 

36 

113.2 

73.5 

95 

183.5 

106.2 

55 

213.9 

138.9 

19 

13.4 

8.7 

76 

63.7 

41.4 

36 

114.1 

74.1 

96 

164.4 

106.7 

56 

214.7 

139.4 

17 

14.  S 

9.3 

77 

64.6 

41.9 

37 

114.9 

74.6 

97 

165.2 

107.3 

57 

215.5 

140. 0 

18 

15.1 

9.3 

78 

65.4 

42.6 

38 

115.7 

75.2 

98 

166.1    107.8 

68 

216.4 

1406 

19 

16.9 

ia3 

79 

66.3 

43.0 

39 

116.6 

75.7 

99 

166.9 

108.4 

59 

217.2 

141.1 

20 

6.8 

ia9 

80 

67.1 

43.6 

40 

117.4 
118.3 

76.2 

200 

167.7 

108.9 

60 

218.1 

141.6 

-a- 

TTTe- 

11.4 

-gr 

~67:f 

44.1 

TiT 

76.8 

201  1  168.6 

109.5 

ler 

218.9 

142.4 

22 

18.5 

12.0 

82 

68.8 

44.7 

42 

119. 1 

77.3 

02 

169.4 

110.0 

62 

219.7 

142.7 

23 

19.3 

12.6 

83 

69.6 

45.2 

43 

119.9 

77.9 

03 

170.3 

110  6 

63 

220.6 

14a  2 

24 

20.1 

18.1 

84 

70.4 

45.7 

44 

120.8 

78.4 

04 

171.1 

111.1 

64 

221.4 

143.8 

25 

21.0 

18.6 

85 

71.3 

46.3 

46 

121.6 

79.0 

06 

171.9 

111.7 

65 

222.2 

144.3 

28 

21.8 

14.2 

86 

72.1 

46.8 

46 

122.4 

79.5 

06 

172.8 

112.2 

66 

223.1 

144.9 

27 

22.6 

14.7 

87 

73.0 

47.4 

47 

123.3 

80.1 

07 

173.6 

112.7 

67 

223.9 

145.4 

28 

23.5 

16.2 

83 

73.8 

47.9 

43 

124.1 

80.6 

08 

174.4 

118.3 

68 

224.8 

146.0 

29 

24.3 

15.8 

89 

74.6 

4a5 

49 

126.0 

81.2 

09 

176.8 

113.8 

69 

225.6 

146.6 

30_ 

25.2 

16.3 

90 

75.6 

49.0 

60 

125.8 

81.7 

10 

176.1 

114.4 

70 

147.1 

26.0 

16.9 

~9r 

76.3 

49.6 

"m" 

126.6 

82.2 

211 

177.0 

114.9 

-mr 

227.3 

147.6- 

32 

26.8 

17.4 

92 

77.2 

60.1 

62 

127.6 

82.8 

12 

177.8 

115.5 

72 

148.1 

33 

27.7 

18.0 

93 

78.0 

60.7 

53 

128.3 

83.3 

13 

178.6  !116.0 

73 

229.0 

14a  7 

34 

28.5 

18.6 

94 

78.8 

51.2 

64 

129.2 

83.9 

14 

179.5 

116.6 

74 

149.2 

35 

29.4 

19.1 

96 

79.7 

51.7 

66 

130.0 

84.4 

16 

180.3 

117.1 

75 

230;6 

149.8 

36 

80.2 

19.6 

96 

80.5 

52.3 

56 

130.8 

85.0 

16 

181.2 

117.6 

76 

231.5 

160.3 

37 

31.0 

2a2 

97 

81.4 

52.8 

57 

131.7  ■  8.5.5 

17 

182.0 

118.2 

77 

232.3 

150.9 

38 

31.8 

20.7 

98 

82. 2  ,  .■>3. 4 
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95 

78.8 

63.1 

55 

128.5 

86.7 

178.2 

120.2 

75 

228.0 

153.8 

36 

29.8 

20.1 

96 

79.6 

53.7 

56 

129.3 

87.2 

170.1 

120.8 

76 

228.8 

154.3 

87 

30.7 

20.7 

97 

80.4 

64.2 

57 

130.2 

87.8 

179.9 

121.3 

77 

154.9 

38 

31.6 

21.2 

98 

81.2 

64.8 

56 

131.0 

88.4 

180.7 

121.9 

78 

230.6 

165.6 

32.3 

21.8 

99 

82.1 

55.4 

59 

131.8 

88.9 

181.6 

122.5 

79 

231.3 

15&0 

_40 

33.2 

22.4 

100 

82.9 

65.9 

60 

132.6 

89.6 

20 

182.4 

123.0 

80 

232.  J 

156.6 

34.0 

22.9 

Tor 

~^T 

66.5 

"isr 

133.5 

90.0 

kT 

183.2 

1^78 

281 

233.0 

T67T 

42 

34.8 

02 

84.6 

67.0 

62 

134.8 

90.6 

22 

184.0 

124,1 

82 

233.8 

167.7 

43 

35.6 

24^0 

03 

85.4 

67.6 

63 

135.1 

91.1 

23 

184.0 

124,7 

83 

234.6 

]58lS 

44 

36.5 

24.6 

04 

86.2 

68.2 

64 

136.0 

91.7 

24 

185.7 

126.3 

64 

235.4 

168.8 

45 

37.3 

25.2 

05 

87.0 

68.7 

66 

136.8 

92.3 

25 

186.5 

125.8 

86 

236.3 

159.4 

46 

38.1 

25.7 

06 

87.9 

59.3 

66 

137.6 

92.8 

26 

187.4 

126.4 

86 

237.1 

159.9 

47 

39.0 

26.3 

07 

88. 7 

59.8 

67 

138,4 

93.4 

27 

188.2 

126.9 

87 

237.9 

160.5 

48 

39.8 

26.8 

08 

80.5 

60.4 

68 

139.3 

93.9 

28 

189.0 

127.5 

238.8 

161.0 

49 

40.6 

27.4 

09 

90.4 

61.0 

.69 

140.1 

94.6 

29 

189.8 

128.1 

89 

230.6 

161.6 

60 

41.6 

28.0 

10 

91.2 

61.5 

70 

140.9 

95.1 

30 

190.7 

128,6 

90 

240.4 

162.2 

~6r 

42.3 

28.5 

uT 

92.0 

62.1 

In 

141.6 

"9676" 

"rar 

191.5 

129:2 

291 

^4172" 

162.7 

62 

43.1 

29.1 

12 

92.9 

6i.6 

72 

142.6 

96.2 

82 

192.3 

129.7 

92 

242.1 

163.3 

63 

43.0 

29.6 

13 

93.7 

63.2 

73 

143.4 

96.7 

33 

193.2 

130,3 

93 

242.0 

163.8 

64 

44.8 

30.2 

14 

94.5 

63.7 

74 

144.3 

97.3 

34 

194.0 

130.9 

94 

243.7 

164.4 

66 

45.6 

30.8 

15 

95.3 

64.3 

75 

146.1 

97.9 

35 

194.8 

131.4 

96 

244.6 

165.0 

56 

46.4 

31.3 

16 

96.2 

64.9 

76 

145.9 

98.4 

36 

195.7 

132.0 

96 

245.4 

165.6 

67 

47.3 

31.9 

17 

97.0 

65.4 

77 

146.7 

99.0 

37 

196.5 

132.5 

97 

246.2 

166.1 

68 

48.1 

32.4 

18 

97.8 

66.0 

78 

147.6 

99.5 

38 

197.3 

133.1 

98 

247.1 

166.6 

69 

48.9 

33.0 

19 

98.7 

66.5 

79 

148.4 

100.1 

39 

198,1 

133.6 

99 

247.9 

167.2 

60 

49.7 

33.6 

20 

99.5 

67.1 

80 

140.2 

100.7 

40 

199.0 

134.2 
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TABLE  2.                                         [Pa^  698    1 

DifEennoe  of  Utitnde  and  Departore  Ua  34°  (146°,  2140,  826°).                            1 

rw. 

Ut. 

D«p. 

DM. 

Lat 

Dep. 

DM. 

ut. 

Dep. 

DIat. 

laL 

Dep. 

Dirt. 

u.   1    ■».  1 

»1 

249.6 

168.3 

361 

290.3 

201.0 

421 

349.0 

235.4 

481 

398.8 

269.0 

641 

448.5 

302.5 

02 

250.4 

168.9 

62 

300.1 

202.4 

22 

349.9 

236.0 

82 

399.6 

269.6 

42 

449.4 

303.1 

03 

251,2 

169.4 

63 

300.9 

203.0 

23 

350.7 

236.6 

83 

400.4 

270.1 

43 

450.2 

303.6 

04 

252,0 
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64 

301.8 

203.5 

24 

361.5 

237.1 

84 
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44 

451.0 

304.2 

05 
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66 
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26 
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237.7 

85 

402.1 
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45 

461.8 

304.8 

06 

253.7 
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66 
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26 
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86 

402.9 
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46 
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07 
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67 
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27 
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87 
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47 
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305.9 

08 
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68 
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28 
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48 
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09 
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29 
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89 
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356.6 
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90 
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12 
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72 
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32 
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92 
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62 
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13 
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73 
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33 
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63 
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14 
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74 
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34 
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242.7 

94 
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54 
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15 
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76 
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36 

360.8 
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96 
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16 

262.0 
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76 
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39 
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42 
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02 

416.2 
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62 
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314.3 

23 
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180.6 

83 

317.5 
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43 
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247.7 

03 

417.0 
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466.8 

314.8 

24 

268.6 

181.2 

84 

318.4 

214.7 

44 

368.1 

248.3 

04 

417.8 

281.8 

64 

467.6 

316.4 

25 

269.5 

181.7 

86 

319.2 

215.3 

45 

368.9 

248.8 

06 

418.6 

282.4 

65 

468.4 

316.9 

28 

270.3 

182.3 

86 

320.0 

215.8 

46 

369.8 

249.4 

06 

419.4 

282.9 

469.2 

316.5 

27 

271.1 

182.9 

87 

320.8 

216.4 

47 

370.6 
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07 
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283.6 

67 

470.1 

317.1 
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88 

321.7 

217.0 

48 

371.4 
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OS 
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284.1 

68 

470.9 

317.6 

29 

272.8 

184.0 

89 

322.5 

217.6 

49 

372.2 

251.1 

09 

421.9 

284.6 

69 

471.7 

318.2 

30 
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90 

323.3 

218.1 

60 

373.1 

251.6 

10 
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70 
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185.6 

02 

326.0 

219.2 

62 

374.7 

262.8 

12 

424.4 

286.3 

72 

474.2 

319.9 

33 

276.1 

188.2 

93 

325.8 

219.8 

63 

375.6 

253.3 

13 

425.3 

286.9 

73 

475.0 

320.4 

34 

276.9 

186.8 

94 

326.6 

220.3 

54 

376.4 

253.9 

14 

426.1 

287.4 

74 

475.9 

321.0 

3S 

277.7 

187.3 

96 

327.5 

220.9 

55 

3r7.2 

254.4 

15 

426.9 

288.0 

75 

476.7 

821.5 

36 

278;  6 

187.9 

96 

328.3 

221.4 

66 

378.0 

255.0 

16 

427.8 

288.6 

76 

477.5 

322.1 

37 

279.4 

188.4 

97 

329.1 

222,0 

57 

378.9 

255.6 

17 

428.8 

289.1 

77 

478.3 

322.7 

38 

280.2 

189.0 

98 

330.0 

58 

379.7 

256.1 

18 

42a  4 

289.6 

78 

479.2 

323.2 

S» 

281.0 

189.6 

99 

330.8 

223.1 

69 

380.5 

256.7 

19 

430.3 

290.2 

79 

480.0 

323.8 

40 

281.9 

190.1 

400 

331.6 

223.7 

60 

381.3 

257.2 

20 

431.1 

290.8 

80 

480.8 

324.3 

MT 

282.7 

190.7 

401 

332.4 

224.2 

401 

257.8 

52r 

431.9 

291.3 

58r 

481.6 

324.9 

42 

191.2 

02 

333.3 

224.8 

383!  0 

258.3 

22 

432.8 

291.9 

82 

482.5 

325.4 

43 

284.4 

191.8 

03 

334.1 

226.4 

63 

258.9 

23 

433.6 

292.5 

483.3 

326.0 

44 

285.2 

192.4 

04 

334.9 

225.9 

64 

384!  7 

259.5 

24 

434.4 

293.0 

84 

484.1 

326.6 

46 

286.0 

192.9 

05 

335,8 

66 

385.5 

260.0 

25 

435.3 

293.6 

85 

486.0 

327.2 

46 

286.9 

193.6 

06 

336.6 

227.0 

66 

386.3 

26 

436.1 

294.1 

86 

485.8 

327.7 

47 

287.7 

194.0 

07 

337.4 

227.6 

67 

387.2 

26l!l 

27 

436.9 

294.7 

87 

486.6 

828.2 

48 

288.5 

194.6 

08 

338.3 

68 

261.7 

28 

437.8 

296.3 

88 

487.5 

328.8 

49 

289.3 

195.2 

09 

339.1 

228.7 

6B 

388.8 

262.3 

29 

438.6 

296.8 

89 

488.3 

SO 

290.2 

195.7 

10 

339.9 

229.3 

70 

389.7 

30 

439.4 

296.4 

90 

489.2 

329:9 

36r 

291.0 

196.3 
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340.7 

229,8 
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53r 

440.3 

296.9 

mT 

490.0 

330.  S 

62 

291.8 

196.8 

12 
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230.4 

72 

391,3 

263.9 

32 

441.1 

297,4 

92 

490.8 

331.0 

53 

292.7 

197.4 

13 

342.4 

230.9 

73 

392.1 

264.5 

33 

441.9 

298.0 

93 

491.6 

331.6 

64 

293.5 

198.0 

14 

343  2 

231.5 

74 

393.0 

265.0 

34 

442.7 

298.6 

94 

492.5 

332.2 

66 

294.3 

198.5 

15 

344,1 

232.1 

76 

393.8 

265.6 

36 

443.6 

299.1 

96 

493.3 

332.7 

66 

295.1 

199.1 

18 

344.9 

232.8 

76 

394.6 

266.2 

36 

444.4 

299.7 

96 

494.1 

333.3 

67 

296.0 

109.6 

17 

346.7 

233.2 

77 

895.5 

266.7 

37 

445.3 

300.2 

97 

494.9 

333.8 

68 

296.8 

200.2 

18 

346.6 

233.7 

78 

396.3 

267.3 

38 

446.1 

300.8 

98 

495.8 

334.4 

69 

297.6 

200.7 

19 

347.4 

234.3 

79 

397.1 

267.9 

39 

446.9 

301.4 

99 

496.  S 

334.9 

60 

298. 5 

201.3 

20 

348.2 

234.9 

80 
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40 
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TABLE  3.                                                            1 

Dllkrancn  of  l^titade  and  Depvtn 

ra  for  36<  (14S°,  SU",  SSS").                                1 

DM. 

l<t. 

D«p. 

Dlst 

UL 

Dep. 

Dtit. 

Ut 

Dep. 

DlMt. 

I^t. 

Dep. 

WA 

UL 

Dep. 

I 

0.8 

0.6 

61 

50.0 

35.0 

121 

99.1 

69  4 

181 

148.3 

103.8 

241 

197.4 

138.8 

2 

1.6 

1.1 

62 

60.8 

35.6 

22 

99.0 

70^0 

82 

140.1 

104.4 

42 

198.2 

138.8 

3 

2.5 

1.7 

63 

51.6 

36.1 

23 

100.8 

70.5 

83 

149.9 

105.0 

43 

190.1 

139.4 

4 

3.3 

2.3 

64 

52.4 

36.7 

24 

101.6 

71.1 

84 

150.7 

105.6 

44 

199.9 

140.0 

5 

4.1 

2.9 

65 

53.2 

37.3 

26 

102.4 

71.7 

86     151.5 

106.1 

45 

200.7 

140.5 

4.9 

3.4 

66 

54.1 

37.9 

26 

103.2 

72.3 

86     163. 4 

106.7 

46 

201.5 

141.1 

7 

5.7 

4.0 

67 

64.9 

38.4 

27 

104.0 

72.8 

87 

153.2 

107.3 

47 

202.3 

141.7 

8 

6.6 

4.6 

68 

55.7 

30.0 

28 

104.9 

73.4 

154.0 

107.8 

48 

203.1 

142.2 

9 

7.4 

6.2 

69 

66.5 

39.6 

29 

106.7 

74.0 

89 

154.8 

108.4 

49 

204. 0 

142.8 

10 

8.2 

5.7 

70 

67.3 

40.2 

30 

106.5 

74.6 

90 

165.6 

109.0 

50 

204.8 

14S.4 

TT 

9.0 

6.3 

-IT 

68.2 

~W7 

TsT 

107.3 

75.1 

"IgT 

156.5 

109.6 

^5r 

205.6 

144.0 

12 

9.8 

6.9 

72 

69.0 

41.3 

82 

108.1 

75.7 

02 

157.3 

110.1 

52 

206.4 

144.5 

13 

10.6 

7.5 

73 

59. 8 

41.9 

33 

108.0 

76.3 

93 

158.1 

110.7 

63 

207.2 

145.1 

14 

11.5 

8.0 

74 

60.6 

42.4 

34 

109.8 

76.9 

94 

158.9, 

111.3 

54 

208.1 

145.7 

15 

12.3 

8.6 

75 

61.4 

43.0 

35 

no.  6 

77.4 

05 

159. 7^ 

111.8 

55 

208.9 

146.3 

16 

13.1 

9.2 

76 

62.3 

43.6 

36 

111.4 

78.0 

06 

160.6 

112.  t 

56 

209.7 

146.8 

17 

13.9 

9.8 

77 

63.1 

44.2 

37 

m.2 

78.6 

97 

161.4 

113.0 

67 

210.5 

147.4 

18 

14.7 

10.3 

78 

63.9 

44.7 

38 

113.0 

79.2 

08 

162.2 

113.6 

68 

211.3 

14a  0 

19 

15.6 

10.9 

79 

64.7 

46.3 

39 

113.9 

70.  7 

09 

163.0 

114.1 

69 

212.2 

148.6 

20 

16.4 

11.5 

80 

65.5 

45.9 

40 

114.7 

80.3 
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163.8 

114.7 

60 
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149.1 
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12.0 
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46.5 

ur 

115.5 

80.9 
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149.7 

22 

18.0 

12.6 

82 

67.2 

47.0 

42 

116.3 

81.4 

02 
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115.0 

62 

214.6 

150.3 

23 

18.8 

13.2 

68.0 

47.6 

43 

117.1 

82.0 

03 

166.3 

116.4 

63 

216.4 

150.0 

24 

19.7 

13.8 

84 
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48.2 

44 

118.0 

82.6 

01 

167.1 

117.0 

64 

216.3 

151.4 

26 

20.6 

14.3 

85 

60.6 

48.8 

46 

118.8 

83.2 

06 
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117.6 

66 

217.1 

152.0 

26 

21.3 

14.9 

86 

70.4 

49.3 

46 

110.6 

83.7 

06 

168.7 

118.2 

66 

217.9 

162.6 

27 

22.1 

15.3 

87 

71.3 
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47 

120.4 

84.3 

07 

169.6 

118.7 

67 

218.7 

153.1 

28 

22.9 

16.1 

68 

72.1 

50.5 

48 

121.2 

84.9 

08 

170.4 

110.3 

68 

219.5 

153.7 

29 

23.8 

16.6 

89 

72.9 

51.0 

49 

122.1 

86.5 

09 

171.2 

110.0 

69 

220.4 

164.3 

30 

24.6 

17.2 

90 

73.7 

61.8 

60 

122.9 

86.0 

10 
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120.5 

70 

221.2 

154.9 
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17.8 
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74.5 

52.2 
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I^T 

"8676 

JiT 

172.8 

121.0 

"27r 

222.0 

155.4 

82 

26.2 

18.4 

92 

75.4 

52.8 

52 

124.5 

87.2 

12 

173.7 

121.6 

72 

222.8 

166.0 

33 

27.0 

18.9 

93 

76.2 

53.3 

53 

125.3 

87.8 

13 

174.5 

122.2 

73 

223.6 

156.6 

34 

27.9 

19.6 

»4 

77.0 

83.9 

54 

126.1 

88.8 

14 

175.3 

122.7 

74 

224.4 

157.2 

S5 

28.7 

20.1 

06 

77.8 

54.5 

55 

127.0 

88.9 

15 

176.1 

123.3 

75 

225.3 

157.7 

36 

29.5 

20.6 

96 

78.6 

65.1 

56 

127.8 

89.5 

16 

176.9 

123.9 

76 

226.1 

158.3 

37 

30.3 

21.2 

97 

79.5 

66.6 

57 

128.6 

90.1 

17 

177.8 

124.5 

77 

226.9 

158.9 

38 

31.1 

21.8 

SS 

80.3 

66.2 

58 

129.4 

90.6 

18 

178.6 

126.0 

78 

227.7 

150.5 

89 

31.9 

22.4 

9» 

81.1 

56.8 

59 

130.2 

01.2 

19 

170.4 

126.6 

79 

160.0 

40 

32.8 

22.9 

100 

81.0 

67.4 

60 

131.1 

01.8 

20 

180.2 

26.2 

80 

229^4 
-23072- 

160.6 

-4r 

"ssrr 

23.6 

Tor 

82.7 

67.9 

Ter 

131.9 

92.3 

-22r 

181.0 

26.8 

"MT 

TeTJ 

42 

34.4 

24.1 

02 

83.6 

58.5 

62 

132.7 

92.9 

22 

181.9 

27.3 

82 

231.0 

161.7 

43 

35.2 

24.7 

03 

84.4 

69.1 

63 

133.5 

93.5 

.23 

182.7 

127.9 

83 

231.8 

162.3 

44 

36.0 

25.2 

04 

86.2 

59.7 

64 

134.3 

94.1 

24 

183.5 

128.6 

84 

232.6 

162.9 

45 

38.9 

25.8 

05 

86.0 

60.2 

66 

135.2 

94.6 

25 

184.3 

129.1 

85 

163.5 

46 

37.7 

26.4 

06 

86.8 

60.8 

66 

136.0 

95.2 

28 

185.1 

129.6 

86 

234.3 

164.0 

47 

27.0 

07 

87.6 

61.4 

67 

136.8 

95.8 

27 

185.0 

130.2 

87 

236.1 

J64.6 

48 

27.5 

08 

88.5 

61.9 

68 

137.6 

96.4 

38 

186.8 

130.8 

88 

235.9 

165.2 

49 

40.1 

28.1 

09 

89.3 

62.6 

69 

138.4 

98.9 

29 

187.6 

131.  S 

236.7 

165.8 

50 

41.0 

28.7 

10 

90.1 

63.1 

70 

139.3 

97.5 

30 

188.4 

131.9 

90 

237.6 

166.3 

"ST 

41.8 

IJO" 

TTT 

90.9 

6317 

ttt 

140.1 

~98~1 

"23r 

189.2 

132.6 

"29r 

238.4 

166.9 

52 

42.6 

29.8 

91.7 

64.2 

72 

140.9 

98.7 

32 

190.0 

133.1 

92 

239.2 

167.5 

53 

43.4 

30.4 

92.6 

64.8 

73 

141.7 

90.2 

33 

190.9 

133.6 

93 

240.0 

168.1 

54 

44.2 

31.0 

93.4 

65.4 

74 

142.6 

99.8 

34 

191.7 

134.2 

94 

240.8 

168.6 

55 

45.1 

31.5 

94.2 

66.0 

75 

143.4 

100.4 

36 

192.5 

134.8 

05 

241.6 

160.2 

56 

45.9 

82.1 

95.0 

66.5 

76 

144.2 

100.9 

36 

193.3 

135.4 

96 

242.5 

189.8 

57 

46.7 

32.7 

95.8 

67.1 

77 

145.0 

101.6 

37 

194.1 

136.0 

97 

243.3 

170.4 

S8 

47.5 

33.3 

18 

96.7 

67.7 

78 

145.8 

102.1 

38 

195.0 

136.5 

98 

244.1 

170.9 

59 

48.3 

33.8 

19 

97.5 

68.3 

79 

146.6 

102.7 

39 

195.8 

137.1 

99 

244.9 

171.5 

60 

49.1 

34.4 

20 

98.3 

89.8 

80 

147.4 

103.2 

40 

196.8 

137.7 

300 

245. 7  !  172. 1  1 

M«r 

Dep. 

Lat. 

DllL 

I>ep. 

Lnt. 

Dlst. 

Dep. 

LaL 

DIat.  1    Dep.    1   Lot. 

Dirt. 

Dep.    \    1*1.   1 

55"  (126',  235 

=,  306-).                                                                           1 

ijGoogle 


TABLE  3.                                        {Page  601     1 

Diflerenoe  of  lAtitnde  and  Depftrtore  for  SS"  (146°,  215°,  325°).                                | 

DIM. 

lAt 

Dep- 

Dirt. 

Kt, 

Dep. 

DIM. 

I*t, 

D«p. 

DIM. 

I*t. 

Dep. 

Dirt. 

LbL 

Dep. 

301 

246.6 

172.6 

361 

295.7 

207.0 

421 

S44.9 

241.6 

481 

394.0 

275.9 

641 

443.2 

310.3 

02 

247.4 

173.2 

62 

296.5 

207.6 

22 

345.7 

242.0 

82 

394.8 

276.4 

42 

444.0 

310.9 

03 

248.2 

173.8 

63 

297.4 

208.2 

23 

346.6 

242.6 

83 

395.7 

277.0 

43 

444.8 

311.4 

0* 

249.0 

174.3 

64 

298.2 

208.8 

24 

347.3 

243.2 

84 

396.6 

277,6 

44 

445.6 

312.0 

05 

249.9 

174.9 

66 

299.0 

209.3 

25 

348.1 

243.8 

85 

397.3 

278.2 

46 

446.4 

312.6 

06 

250.7 

175.5 

66 

299.8 

209.9 

26 

349,0 

244.3 

86 

398.1 

278,7 

46 

447.3 

313.2 

07 

251.5 

176.1 

67 

300.6 

210.5 

27 

349.8 

244.9 

87 

398.9 

279.3 

47 

448.1 

313.7 

08 

252.3 

176.6 

68 

301.5 

211.1 

28 

350,6 

245.6 

88 

399.8 

279.9 

48 

448.9 

314.3 

09 

177.2 

69 

302.3 

211.6 

29 

351.4 

246.0 

89 

400.6 

280.5 

49 

449.7 

814,9 

10 

■SIT 

253!  9 
254.8 

177.8 
178.4 

70 

303.1 
303.9 

212.2 

212.8 

30 

352.2 

3537] 

246.6 

90 

401.4 

281.0 

50 

460.5 

315,4 

247:2 

"49r 

402.2 

381.6 

"65r 

""45174" 

316.0 

12 

255.  S 

178.9 

72 

304.7 

213.4 

32 

363.9 

247.8 

92 

403.0 

282,2 

62 

452.2 

316.6 

13 

256.4 

179.6 

73 

305.6 

213.9 

S3 

354.7 

248.3 

93 

403.9 

53 

463.0 

317.2 

14 

257.2 

180.1 

74 

306.4 

214.5 

34 

355.6 

248.9 

94 

4tH.7 

54 

453.8 

317.7 

15 

258.0 

180.7 

75 

307.2 

215.1 

35 

366.3 

249.8 

95 

405.6 

283,9 

55 

454.6 

318.3 

16 

258.8 

181.2 

76 

308.0 

215.6 

36 

357.2 

250.1 

96 

406.3 

284.5 

56 

465.5 

318.9 

17 

259.7 

181.8 

77 

308.8 

216.2 

37 

368.0 

260.6 

97 

407.1 

285.1 

57 

456.3 

319.5 

IS 

260.5 

182.4 

78 

309.6 

216.8 

38 

358.8 

261.2 

98 

408.0 

285.6 

68 

457.1 

320.0 

19 

261.3 

183.0 

79 

310.5 

217.4 

39 

359.6 

251.8 

99 

408.8 

286.2 

59 

457.9 

320.6 

20 

321 

262.1 

183.6 

80 

3U.3 

217.9 

40 

360.4 

252.4 

SCO 

409.6 

286.8 

60 

458.7 

321.2 

"26370" 

184.1 

"SST 

"3i2n" 

218.6 

Tn 

■360" 

262.9 

"6or 

410.4 

287.4 

"56r 

459.6 

321.8 

263.8 

184.7 

82 

312.9 

219.1 

42 

362,1 

263.6 

02 

411.2 

287.9 

62 

460.4 

322.3 

23 

264.6 

186.2 

83 

313.7 

219.7 

43 

362,9 

254.1 

03 

412.1 

288.5 

63 

461.2 

322.9 

24 

265.4 

186.8 

84 

314.6 

220.2 

44 

363,7 

254.7 

04 

412.9 

289.1 

64 

462.0 

323.6 

26 

266.2 

186.4 

85 

315.4 

220.8 

45 

364.5 

256.2 

05 

413.7 

289.7 

66 

462.8 

324.1 

26 

267.1 

187.0 

86 

316.2 

221.4 

46 

365.4 

265.8 

06 

414.6 

290.2 

66 

463.7 

324.6 

27 

267.9 

187.5 

87 

317.0 

222.0 

47 

366.2 

256.4 

07  '  415. 3 

290.8 

67 

461,5 

326:2 

268.7 

188.1 

88 

317.8 

222.5 

48 

367.0 

256.9 

08  .  416. 1 

291.4 

68 

465.3 

325.8 

29 

269.5 

188.7 

318.7 

223.1 

49 

367.8 

257.6 

09 

417.0 

291.9 

69 

466.1 

326.4 

30 

270.3 

189.3 

90 

319.5 

223.7 

60 

368,6 

258.1 

10 

417.8 

292.5 

70 

466.9 

"SST 

"27rr 

189.8 

■39r 

"^TT 

224.3 

IsT 

369.4 

2^77 

"eir 

418.6 

293.1 

"StT 

467.8 

327.5 

32 

272.0 

190.4 

92 

321.1 

224.8 

B2 

370.3 

259.2 

12 

419.4 

293,7 

72 

468.6 

328.1 

33 

272,8 

191.0 

93 

321.9 

225.4 

63 

371.1 

259.8 

13 

420.2 

294.2 

73 

469.4 

34 

273.6 

191.6 

94 

322.8 

226.0 

54 

371.9 

260.4 

14 

421.1 

294.8 

74 

470,2 

329!  2 

35 

274.4 

192.1 

95 

323.6 

226.5 

55 

372.7 

261.0 

15 

421.9 

295.4 

75 

471.0 

329.8 

36 

276.2 

192.7 

96 

324.4 

227.1 

S6 

373.5 

261.5 

16 

422.7 

296.0 

76 

471.9 

330.4 

37 

276.1 

103.3 

97 

325.2 

227.7 

67 

374.4 

262,1 

17 

423.5 

296.5 

77 

472.7 

331.0 

38 

276.9 

193.9 

98 

326,0 

228.3 

58 

375.2 

262,7 

18 

424.3 

297.1 

78 

473,5 

331.6 

39 

277.7 

194.4 

99 

228.8 

59 

376.0 

263.3 

19 

425.2 

297.7 

79 

474.3 

332.1 

40 

-m' 

278.5 
"27973" 

195.0 

400 

327.7 

229.4 

60 

3-"t.8 

263.8 

20 

426.0 

298.3 

80 

.475.1 

332.7 

195.6 

lor 

328.5 

230.0 

"461" 

377.6 

264.4 

"52r 

426.8 

290 

"SsT 

476.0 

"sssT 

42 

280.2 

196.1 

02 

329.3 

230.6 

62 

378.6 

265.0 

22 

42V.  6 

299.4 

82 

476,8 

333.8 

43 

281.0 

196.7 

03 

330.1 

231.1 

63 

379.3 

428.4 

300.0 

S3 

477,  G 

3.1 1. 4 

44 

281,8 

197.3 

04 

330.9 

231.7 

64 

380.1 

266.1 

24 

429.3 

300.5 

84 

473,4 

335.0 

46 

282.6 

197.9 

05 

331.8 

232,3 

65 

380.9 

266.7 

26 

430.1 

301.1 

85 

479,2 

335.6 

46 

283.4 

198.4 

06 

332,6 

232.9 

66 

381.7 

267.3 

430.9 

301.7 

36 

480,1 

336.1 

47 

284.3 

199.0 

07 

333.4 

233.4 

67 

267.8 

27 

431.7 

302.3 

87 

480,9 

336.7 

48 

285,1 

199.6 

08 

334.2 

234.0 

68 

383!  4 

268.4 

432.5 

302.8 

481,7 

337.3 

49 

286.9 

200.2 

09 

335.0 

234.6 

384.2 

433.4 

303.4 

89 

482,5 

337.9 

50 
351 

286,7 

200.7 

10 

335.9 

235.1 

70 

385.0 

269,6 

30 

434.2 

304.0 

90 

483.3 

338.4 

287.5 

"201.3 

411 

336.7 

"^577 

471 

386.8 

27071 

"53r 

436.0 

3647"5 

mT 

484.2 

m.o 

52 

201.9 

12 

337.5 

236:3 

72 

388.6 

270.7 

32 

435.8 

305.1 

92 

485.0 

339.6 

53 

202.5 

13 

338.3 

236.9 

73 

387.6 

271.3 

33 

436.6 

305.7 

93 

485.8 

340.2 

54 

29o!o 

203.0 

14 

S39.  1 

237.4 

74 

388.3 

271.9 

34 

437.6 

306,3 

94 

486.6 

340.7 

65 

290,8 

203,6 

15 

340.0 

75 

389.1 

272.4 

35 

438.3 

306.8 

95 

487.4 

341.3 

66 

291,6 

204,2 

16 

340.8 

238^6 

76 

273.0 

36 

439  1 

307.4 

96 

488.3 

341.9 

57 

292,4 

204.7 

17 

341.6 

239.2 

77 

390.7 

273.6 

37 

439.9 

308.0 

97 

489.1 

342.5 

68 

293.3 

2(6.3 

18 

342.4 

239.7 

78 

391.6 

274.2 

38 

440.7 

308.6 

98 

489.9 

343.0 

69 

294,1 

2(6.9 

19 

843.2 

240.3 

79 

392.4 

274.7 

441.5 

309.1 

99 

490.7 

M3.6 

60 

294.9 

206.5 

20 

344.1 

240.9 

80 

393.2 

276.3 

40 

442.3 

309.7 

600 

491.5 

344.1 

Dbt. 

Dep. 

Ut. 

Dirt. 

D^p. 

1*1. 

Dirt. 

Dep. 

Lat 

Dirt. 

Dep.    1   lit 

mt.\     Dep. 

Ul. 

55M1 
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TABLE  2. 

Difterenoe  of  Latitnde  and  Depurton  for  86'  (144°,  216 

",  324"). 

a^ 

U.U 

Dep. 

DM. 

lAt. 

Dep. 

DIM. 

L&t. 

Dep. 

DM. 

Lat 

Dep. 

Dirt. 

Lat. 

Dep. 

1 

0.8 

0.6 

61 

49.4 

35. 9 

121 

97.9 

71.1 

181 

146.4 

106.4 

241 

195.0 

141.7 

2 

i.e 

1.2 

62 

60.2 

36.4 

22 

98.7 

71.7 

82 

147.2 

107.0 

42 

195.8 

142.2 

3 

2.4 

1.8 

63 

61.0 

37.0 

23 

99.5 

72.3 

148.1 

107.6 

43 

196.6 

142.8 

4 

3.2 

2.4 

64 

51.8 

37.6 

24 

100.3 

72.9 

84 

148.9 

108.2 

44 

197.4 

143.4 

6 

4.0 

2.9 

65 

52.6 

38.2 

26 

101.1 

73.5 

85 

149.7 

108.7 

45 

198.2 

144.0 

6 

4.9 

3.6 

66 

38.8 

26 

101.9 

74.1 

86 

15a  6 

109.3 

46 

199.0 

144.6 

7 

6.7 

4.1 

67 

54.2 

39.4 

27 

102.7 

74.6 

87 

161.3 

109.9 

47 

199.8 

145.2 

8 

6.5 

4.7 

68 

55.0 

40.0 

28 

103.6 

75.2 

152.1 

110.5 

48 

200.6 

145.8 

» 

7.3 

6.3 

69 

65.8 

40.6 

29 

104.4 

75.8 

89 

152.8 

lll.l 

48 

201.4 

146.4 

10 

8.1 

6.9 

70 

66.6 

41.1 

30 

105.2 

76.4 

90 

153.7 

111.7 

60 

202.3 

146.9 

8.9 

"srs 

_- 

57.4 

41.7 

IsT 

166:0" 

77.0 

Ter 

154.5 

112.3 

"25r 

"2037r 

147.5 

12 

9.7 

7.1 

72 

58.2 

42.3 

32 

106.8 

77.6 

82 

155.3 

112.9 

52 

203.9 

148. 1 

13 

10.5 

7.6 

73 

69.1 

42.9 

33 

107.6 

78.2 

83 

156.1 

113. 4 

63 

204.7 

148.7 

14 

11.3 

8.2 

74 

69.9 

43.5 

34 

108.4 

78.8 

94 

156.9 

114.0 

64 

205.6 

149.3 

15 

12.1 

8.8 

76 

60.7 

44.1 

35 

109.2 

79.4 

95 

157.8 

114.6 

55 

206.3 

149.9 

16 

12.9 

9.4 

76 

61.5 

44.7 

36 

110.0 

79.9 

96 

158.6 

115.2 

56 

207.1 

150.6 

17 

13.8 

10.0 

77 

62.3 

45.3 

37 

110.8 

80.5 

97 

159.4 

115.8 

57 

207.9 

151.1 

18 

14.6 

10.6 

78 

63.1 

45.8 

38 

111.6 

81.1 

88 

160.2 

116.4 

58 

208.7 

151.6 

19 

15.4 

11.2 

79 

46.4 

39 

112.6 

81.7 

99 

161.0 

117.0 

58 

209.5 

152.2 

20 

16.2 

11.8 

80| 

64.7 

47.0 

40 

113.3 

82.3 

200 

161.8 

117.6 

60 

210.3 

152.  S 

21 

17.0 

lO" 

65.5 

47.6 

TiT 

114.1 

82.9 

lor 

162.6 

118.1 

wr 

211.2 

163.4 

22 

17.8 

12.9 

82 

66.3 

48.2 

42 

114.9 

83.5 

02 

163.4 

118.7 

212.0 

154.0 

23 

18.6 

18.5 

83 

67.1 

48.8 

43 

115.7 

84.1 

03 

164.2 

119.3 

212.8 

154.6 

21 

19.4 

14.1 

84 

68.0 

49.4 

44 

116.5 

84.6 

04 

166.0 

119.9 

64 

213.6 

165-2 

2S 

20.2 

14.7 

85 

68.8 

50.0 

45 

117.3 

85.2 

05 

165.8 

120.6 

65 

214.4 

155.8 

28 

21.0 

15.3 

86 

69.6 

50.5 

46 

118.1 

85.8 

06 

166.7 

121.1 

66 

215.2 

156.4 

27 

21.8 

16.9 

87 

70.4 

61.1 

47 

118.9 

86.4 

07 

167.5 

121.7 

67 

216.0 

156.9 

28 

22.7 

16.6 

71.2 

51.7 

48 

119.7 

87.0 

08 

168.3 

122.3 

68 

216.8 

157.6 

29 

23.5 

17.0 

89 

72.0 

62.3 

49 

120.5 

87.8 

09 

169.1 

122.8 

6» 

217.6 

158.1 

30 

24.3 

17.6 

90 

72.8 

52.9 

50 

121.4 

88.2 

10 

169.9 

123.4 

70 

218.4 

15a  7 

26.1 

18.2 

73.6 

53.5 

-JET 

122.2 

88.8 

m" 

170.7 

124.0 

mr 

219.2 

159.3 

32 

25.9 

18.8 

92 

74.4 

54.1 

52 

123.0 

89.3 

12 

171.5 

124.6 

72 

220.1 

15B.9 

33 

26.7 

19.4 

93 

75,2 

64.7 

63 

123.8 

13 

m.3 

125.2 

73 

220.9 

16a  6 

34 

27.6 

20.0 

94 

76.0 

55.3 

64 

124.6 

90.6 

173.1 

126.8 

74 

221.7 

161.1 

36 

20.6 

96 

76.0 

65.8 

55 

125.4 

91.1 

173.9 

126.4 

75 

222.5 

161.6 

36 

29.1 

21.2 

96 

77.7 

66.4 

56 

126.2 

91.7 

174.7 

127.0 

76 

223.3 

162.2 

37 

29.9 

21.7 

97 

76.5 

67.0 

57 

127.0 

92.3 

176.6 

127.5 

77 

224.1 

162.8 

38 

30.7 

22.3 

98 

79.3 

57.6 

58 

127.8 

92.9 

176.4 

128.1 

78 

224.9 

163.4 

39 

31.6 

22.9 

99 

80.1 

68.2 

59 

128.6 

93.5 

177.2 

128.7 

79 

225.7 

164.0 

40 

32.4 

23.6 

100 

80.9 

68.8 

60 

129.4 
"ISOTT 

94.0 
9476 

20 

■22r 

178.0 

129.3 

80 

226.5 

161.6 

41 

33.2 

24.1 

101 

81.7 

69.4 

Tsr 

178.8 

12979 

■gST 

127:3- 

165.2 

42 

34.0 

24.7 

02 

82.6 

60.0 

62 

131.1 

95.2 

22 

170.8 

130.5 

62 

228.1 

165. 8 

43 

34.8 

25.3 

03 

83.3 

60.5 

63 

131.9 

95.8 

23 

180.4 

131.1 

83 

166-3 

44 

35.6 

25.9 

04 

84.1 

61.1 

64 

132.7 

96.4 

24 

181  2 

131.7 

84 

229.8 

166.9 

46 

36.4 

26.6 

05 

84.9 

61.7 

65 

133.5 

97.0 

25 

182.0 

132.3 

85 

230.6 

167.6 

40 

37.2 

27.0 

06 

85.8 

62.3 

66 

134.3 

97.6 

26 

182.8 

132.8 

86 

231.4 

168.1 

47 

38.0 

27.6 

07 

86.6 

62.9 

.67 

135.1 

98.2 

27 

183.6 

133.4 

87 

232.2 

168.7 

48 

38.8 

28.2 

08 

87.4 

63.6 

68 

135.9 

98.7 

28 

184.5 

134.0 

233.0 

169.3 

49 

28.8 

09 

88.2 

64.1 

60 

136.7 

99.3 

29 

185.3 

134.6 

89 

233.8 

169.9 

50 

40!  5  ,  29. 4 

10 

64.7 

70 

137.5 

90.9 

30 

186.1 

135.2 

90 

234.6 

170.5 

51 

41.3 

30.0 

111 

ed.8 

"SO" 

138.3 

100.5 

231 

186.9 

isO 

loT 

iss:^ 

171.0 

62 

42.1 

30.6 

12 

90.6 

65.8 

72 

139.2 

101.1 

32 

187.7 

136.4 

92 

236.2 

171.6 

63 

42.9 

31.2 

13 

81.4 

66.4 

73 

140.0 

101.7 

33 

188.5 

137.0 

83 

237.0 

172.2 

54 

43.7 

31.7 

14 

92.2 

67.0 

74 

140.8 

102.3 

34 

189.3 

137.6 

94 

237.9 

172.8 

55 

44.5 

32.3 

16 

93.0 

67.6 

76 

141.6 

102.9 

35 

190.1 

138.1 

95 

238.7 

173.4 

66 

45.3 

32.9 

16 

93.8 

68.2 

76 

142.4 

103.5 

36 

190.9 

138.7 

96 

1T4.0 

57 

46.1 

33.5 

17 

94.7 

77 

143.2 

104.0 

37 

191.7 

139.3 

97 

240.3 

174.6 

58 

40.9 

34.1 

18 

96.6 

78 

144.0 

104.6 

192.5 

139.9 

88 

241.1 

175.2 

59 

47.7 

34.7 

19 

96.3 

69.9 

70 

144.8 

105.2 

39 

193.4 

140.5 

89 

241.9 

175.7 

60 

48.6 

35.3 

20 

97.1 

70.5 

80 

145.6 

105.8 

40 

194.2 

141.1 

300 

242.7 

176.3 

Dbt. 

Dep. 

Let. 

Dbt. 

Dep. 

lit. 

Dirt. 

Dep. 

Ut. 

Dirt. 

Dep. 

lat. 

DM. 

Dep. 

LU. 

54"  (1 

26",  234 

",306"). 
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TABLE  2.                                         [Page  003 
DiSerence  of  LatitDde  and  Departure  for  36"  (144°,  216°,  334°). 

Dirt. 

L*t. 

Pep. 

Dlst. 

Lftt 

Dep. 

IHst. 

LaL 

Dep. 

Dtat. 

L»L 

Dep. 

Dlat. 

Ul. 

Dep. 

301 
02 
03 
04 

05 
06 
07 
08 
09 
10 

mr 

12 
13 
14 
16 
16 
17 
18 
19 
20 

243.S 
244.3 
245.1 
246.0 
246.8 
247.6 
246.4 
249.2 
250.0 
250.8 
251.6 
252.4 
253.2 
254.0 
264.9 
255.7 
266.5 
267.3 
258.1 
258.9 

176.9 

177.5 
178.1 
178.7 
179.3 
179.9 
180.5 
181.1 
181.6 
182.2 
182.8 
183.4 
184.0 
184.6 
186.2 
185.8 
186.4 
186.9 
187.5 
188.1 

361 
62 
63 
64 
65 
66 
67 
68 
69 
70 

STT 
72 
73 
74 
76 
76 
77 
78 
79 
80 

292.1 
202.9 
293.7 
294.6 
295.3 
296l1 
296.0 
297.7 
298.6 
299.3 
360.2 
301.0 
801.8 
302.6 
303.4 
304.2 
306.0 
306.8 
306.6 
307.4 

212.2 
212.8 
213.4 
214.0 
214.6 
215.1 
215.7 
216.3 
216.9 
217.6 
218.1 
218.7 
219.3 
219.8 
220.4 
221.0 
221.6 
222.2 
222.8 
223.4 

421 
22 
23 
24 
25 
28 
27 
28 
29 
30 
IST 
32 
33 
34 
35 
86 
37 
38 
39 
40 

340.6 
341.4 
342.2 
343.0 
343.8 
344.7 
346.5 
346.3 
347.1 
347.9 
348.7 
-349.5 
350.3 
361.1 
361.9 
352.7 
363.6 
364.4 
855.2 
S56.0 

247.5 
248.1 
248.6 

249.2 
249.8 
250.4 
251.0 
251.6 
262.2 
252.8 
253.  S 
263.9 
254.6 
255.1 
256.7 
266.3 
266.9 
257.5 
258.0 
268.6 

481 

83 

84 
85 
86 
87 
88 
89 
90 

■49r 

92 

04 
95 
96 
97 
98 
99 
600 

389.1 
390.0 
390.8 
391.6 
392.4 
393.2 
394.0 
394.8 
395.8 
396.4 
-397X 
398.1 
398.9 
399.7 
400.6 
401.3 
402.1 
402.9 
403.7 
404.6 

282.7 

283!  9 
284.5 

285.1 
265.6 
286.2 
286.8 
267.4 
288.0 
288.6 
289.2 

290!3 
290.9 
291.6 
292.1 

292.7 
293.3 
293.9 

641 
42 

43 
44 
45 
48 

47 
48 
49 
60 

mr 

52 
53 
54 
56 
66 
57 
58 

60 

437.7 
438.5 
439.3 
440.2 

441.0 
441.8 
442.6 
443.4 
444.2 
445.0 
445.8 
446,6 
447.4 
448.2 
449,0 
449.  S 
450.7 
451.6 
452.3 
453.1 

318.0 
318.6 
319.1 
319.7 
320.3 
320.9 
321.6 
322.1 
322.7 
323.3 
323.8 
324.4 
325.0 
326.6 
326.2 
326.8 
327.4 
328.0 
328.6 
329.1 

22 
23 
24 
26 
28 
27 
28 
29 
30 

259.7 
260.6 
261.3 
262.1 
262.9 
263.7 
264.6 
265.4 
266.2 
287.0 

188.7 
189.3 
189.9 
190.5 
191.0 
191.6 
192.2 
192.6 
193.4 
194.0 

381 
82 
83 

64 
86 
86 

87 

89 
90 

308.2 
309.1 
309.9 
810. 7 
311.5 
312.3 
813.1 
313.9 
314.7 
315.5 

224.0 
224.6 
226.1 

225.7 
226-3 
226.9 
227.5 
228.1 
228.7 
229.2 

441 
42 
43 
44 
46 
46 
47 
48 
49 
50 

356.8 
367.6 
S58.4 
359.2 
360.0 
360.8 
361.6 
362.4 
363.3 
364.1 

269.2 
259.8 
280.4 
281.0 
261.6 
282.2 
262.8 
283.3 
263.9 
264.5 

601 
02 
03 
04 
05 
06 
07 
08 
09 
10 

405.3 
406.1 
407.0 
407.8 
408.8 
409.4 
410.2 
411.0 
411.8 
412.6 

294.5 
295.0 
295.6 
296.2 
296.8 
297.4 
298.0 
298.6 
299.2 
299.8 

561 
62 
63 
64 
66 
66 
67 
68 
69 
70 

463.9 

454.7- 
455.6 
456.3 
457.1 
457.9 
458.7 
459.6 
460.3 
461.1 

829.7 
330.3 
330.9 
331.5 
332.1 
332.7 
333.3 
333.8 
334.4 
335.0 

331 
32 
33 
34 
36 
36 
37 
38 
89 
40 

267.8 
268.6 
269.4 
270.2 
271.0 
271.8 
272.6 
273.5 
274.3 
275.1 

194.6 
196.2 
196.7 
196.3 
196.9 
197.5 
198.1 
198.7 
199.8 
199.9 

391 
92 
93 
94 
95 
96 
97 

99 
400 

816.3 

317.1 
318.0 
318.8 
319.6 
320.4 
321.2 

322:8 
323.6 

229.8 
230.4 
231.0 
231.6 
232.2 
232.8 
233.4 
233.9 
234.5 
236-1 

451 
52 
53 
64 
55 
56 
57 
68 
59 
60 

364.9 
365.7 
366.5 
367.3 
368.1 

369!? 
370.5 
371.3 
372.2 

285.1 
265.7 
286.3 
266.9 
287.5 
268.0 
288.6 
269.2 
269.8 
270.4 

511 
12 
13 
14 
15 
16 
17 
18 
19 
20 

413.4 
414.2 
416.1 
415.9 
416.7 
417.5 
418.3 
419.1 
419.9 
420.7 

300.3 
300.9 
301.6 
302.1 
302.7 
303.3 
303.9 
304.4 
305.0 
306.6 

571 
72 
73 
74 
76 
76 
77 
78 
79 
80 

462.0 
462.8 
463.6 
464.4 
466.2 
466.0 
466.8 
467.6 
468.4 
469.3 

335.8 
336.2 
336.8 
337.4 
338.0 
338.6 
339.1 
339.7 
340.3 
340.9 

341 
42 
43 
44 
46 
46. 
47 
48 
49 
60 

276.9 
276.7 
277.5 
278.3 
279.1 
279.9 
280.7 
281.6 
282.4 
283.2 

200.4 
201.0 
201.6 
202.2 
202.8 
203.4 
204.0 
204.6 
205.1 
205.7 

401 
02 
03 
04 
05 
06 
07 
08 
09 
10 

334.4 
325,2 
328.0 
326.9 
327.7 
328.5 
829.3 
330.1 
330.9 
331. 7 

236.7 
236.3 
236.9 
237.6 

238!  7 
239.2 

24014 

241.0 

461 
62 
63 
64 

^ 

67 
68 

69 
70 

373.0 

373.8 
374.6 
375.4 
376.2 
377.0 
377.8 
378.6 
379.4 
380.2 

271.0 
271.6 
272.2 
272.7 
273.3 
273.9 
274.6 
276.1 
275.7 
276.3 

621 
22 

24 
26 

26 
27 

39 

30 

421.5 
422.3 
423.1 
423.9 
424.7 
425.6 
426.4 
427.2 
428.0 
428.8 

306.2 
306.8 
307.4 
308.0 
308.6 
309.2 
309.7 
310.3 
310.9 
311.5 

581 

62 

84 
86 
86 
87 

89 
90 

470.1 
470.9 
471.7 
472.5 
473.3 
474.1 
474.9 
475.7 
478.5 
477,3 

341.5 
342.1 
342.7 
343.2 
343.8 
344.4 
345.0 
345.6 
346.2 
346.8 

351 
62 
63 
64 
56 
66 
67 
58 
69 
W 

284.0 
284.8 
285.6 
286.4 
287.2 
288.0 

29014 
291.3 

206.3 
206.9 
207.5 
208.1 

209!  3 
209.8 
210.4 
211.0 
211.6 

411 
12 
13 
14 
16 
16 
17 
16 
19 
20 

392.6 
333.3 

334!  9 
335.8 
336.6 
337.4 
338.2 
339.0 
339.8 

241.6 
242.2 
242.8 
243.4 
243.9 
244.5 
245.1 
245.7 
246.3 
246.9 

471 
72 
73 

74 
76 
76 
77 
78 
79 
60 

381.1 
381.9 
382.7 
383.5 
384.3 
385.1 
386.9 
386.7 
387.6 
388.3 

276.9 
277.4 
278.0 
278.6 
279,2 
279.8 
280.4 
281.0 
281.6 
282.1 

631 
32 

34 
36 
38 
37 
38 
39 
40 

429.6 
430.4 
431.2 
432.0 
432.9 
433.7 
434,5 
435.3 
436.1 
436.9 

312.1 
312.7 
313.3 
313.9 
314.4 
315.0 
315.6 
316.2 
318.8 
317.4 

591 
92 
93 
94 
95 
96 
97 
98 
99 

600 

478.2 
479.0 
479.8 
480.6 
481.4 
482.2 
483,0 
483,8 
484,6 
485.4 

347.4 
347.9 
348.6 
349.1 
349.7 
350.3 
350.9 
351.5 
362.1 
352.7 

DM. 

Dep. 

UL 

DM. 

Dep. 

lAt. 

Dlat. 

Dep. 

UL 

DM. 

Dep. 

Ut. 

DUt, 

Dep. 

Ut. 

64»  (126-,  234",  306").                        «                                       1 
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Page  604}                                         TABLE  2. 

INflBrence  of  lAtitade  ud  Deputnre  for  37°  (148°,  217°,  323°). 

DIsL 

IaL 

Dep. 

Dtat. 

1-L 

Dep. 

Din. 

Lat 

Dep. 

DIM. 

LaL 

Dep. 

Dtat. 

Lat. 

Dep. 

1 
2 

10 

0.8 
1.6 
2.4 
3.2 
4.0 
"4.8 
6.6 
6.4 
7.2 
8.0 

0.6 
1.2 
1.8 
2.4 
8.0 
3.6 
4.2 
4.8 
5.4 
6.0 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

46.7 
49.5 
50.3 
51.1 
51.9 

53!  5 
54.3 

55.1 
65.9 

36.7 
37.3 
37.9 
38.5 

39!? 
40.3 
40.9 
41.5 
42.1 

121 
22 
23 
24 

28 

27 

20 
30 

96.6 
97.4 

98.2 
99.0 
09.6 
100.6 
101.4 
102.2 
103.0 
103.8 

72.8 
73.4 

74.0 
74.6 
75.2 
76.8 
76.4 
77.0 
77.8 
78.2 

181 
82 
83 
84 
85 
86 
87 
86 

90 

144.6 
146.4 
146.2 
146.9 
147.7 
146.5 
149.3 
160.1 
160.9 
151.7 

108.9 
109.5 
110.1 
110.7 
111.3 
111.9 
112.6 
113.1 
113.7 
114.3 

241 
42 
43 
44 

46 
46 
47 
48 
49 
50 

192.5 
193.3 
194.1 
194.9 
196.7 
196.6 
197.3 
198.1 
196.9 
199.7 

145.0 
146.6 
146.2 
146.8 
147.4 
148.0 
148.6 
149.3 
140.9 
150.6 

ll 
12 
13 
14 
16 
16 
17 
18 
10 
20 

8.8 
9.6 
10.4 
11.2 
12.0 
12.8 
13.6 
14.4 
15.2 
16.0 

6.6 
7.2 
7.8 
8.4 
0.0 
0.6 
10.2 
10.8 
11.4 
12.0 

ll 
72 
73 
74 
76 
76 
77 
78 
70 
80 

66.7 
57.5 
68.3 
69.1 
59.9 
60.7 
61.6 
62.3 
63.1 
63.9 

42.7 
43.3 
43.0 
44.5 
45.1 
46.7 
46.3 
46.9 
47.6 
48.1 

131 

33 
34 
36 
86 
37 
36 
39 
40 

104.6 
105.4 
100.2 
107.0 
107.8 
108.6 
109.4 
110.2 
111.0 
111.8 
-112:6- 
113.4 
114.2 
115.0 
115.8 
116.6 
117.4 
118.2 
119.0 
110.8 

78.8 
79.4 
80.0 
80.6 
61.2 
61.6 
82.4 
63.1 
63.7 
84.3 

92 
93 
94 
95 
96 
97 
98 
99 
200 

152.5 
163.3 
164.1 
154.9 

155.7 
156.5 
157.3 
158.1 
16S.9 
159.7 

114.9 
116.6 
116.2 
116.8 
117.4 
116.0 
118.6 
119.2 
119.8 
120.4 

261 
62 
53 
64 
55 
56 
57 
58 
59 
60 

200.5 
201.3 
202.1 
202.9 
203.7 
204.6 
205.2 
206.0 
206.6 
207.6 

151.1 
151.7 
162.3 
152.9 
153.6 
164.1 
154,7 
155.3 
155.9 
156.5 

n 

22 
23 
24 
25 
26 
27 
28 
29 
30 

16.8 
17.6 
18.4 
19.2 
20.0 
20.6 
21.6 
22.4 
23.2 
24.0 

12.6 
13.2 
IS.  6 
14.4 
16.0 
15.6 
16.2 
16.9 
7.6 
8.1 

81 
82 
S3 
81 
85 
66 
87 
88 
69 
90 

64.7 
66.6 
66.3 
67.1 
67.9 
68.7 
69.5 
70.3 
71.1 
71.9 

48.7 
49.3 
60.0 
60.6 
61.2 
61.6 
52.4 
63.0 
63.6 
54.2 

141 
42 
43 
44 
45 
46 
47 
48 
49 
50 

84.9 
66.5 
86.1 
86.7 
87.3 
87.9 
88.5 
89.1 
89.7 
90.3 

201 
02 
03 
01 
06 
06 
07 
08 
09 
10 

160.5 
161.3 
162.1 
162.9 
163.7 
164.6 
165.3 
166.1 
166.9 
167.7 

121.0 
121.6 
122.2 
122.8 
123.4 
124.0 
124.6 
126.2 
125.6 
126.4 

261 
62 
63 
64 
65 
66 
67 
66 
69 
70 

208.4 
209.2 
210.0 
210.8 
211.6 
212.4 
213.2 
214.0 
214.8 
216.6 

157.1 
157.7 
158.3 
156.9 
159.5 
160.1 
160.7 
161.3 
161.9 
162.5 

31 
32 
S3 
34 
36 
36 
37 
38 
39 
40 

24.8 
25.6 
26.4 
27.2 
28.0 
28.8 
29.5 
30.3 
31.1 
31.9 

a? 

19.3 
19.9 
20.5 
21.1 
21.7 
22.3 
22.9 
23.5 
24.1 

6l 
92 
93 
94 
96 
96 
97 
98 
90 
100 

72.7 
73.6 
74.3 
75.1 
75.9 
76.7 
77.5 
78.3 
79.1 
79.9 

54.8 
65.4 
56.0 
66.6 
57.2 
67.8 
58.4 
69.0 
69.6 
60.2 

151 
52 
53 
54 

55 
56 
57 
68 
59 
60 

120.6 
121.4 
122.2 
123.0 
123.8 
124.6 
125.4 
126.2 
127.0 
127.8 

90.9 
91.5 
92.1 

92.7 
93.3 
93.9 
94.5 
96.1 
95.7 
96.3 

2ll 
12 
13 

14 
15 
16 
17 

18 
19 
20 

168.5 
169.3- 
170.1 
170.9 
171.7 
172.5 
173.3 
174.1 
174.9 
175.7 

127.0 
127.6 
128.2 
128.8 
129.4 
130.0 
130.6 
131.2 
131.6 
132.4 

isao 

133.6 
134.2 
134.8 
135.4 
136.0 
136.6 
137.2 
137.8 
138.4 

271 

72 
73 
74 
76 
76 
77 
78 
79 
80 

216.4 
217.2 
218.0 
218.8 
219.6 
220.4 
221.2 
222.0 
222.8 
223.6 

163.1 
163.7 
164.3 
164.9 
165.5 
166.1 
166.7 
167.3 
167.9 
168.5 

42 
43 
44 
45 
46 
47 
48 
49 
50 

32.7 
33.5 
34.3 
35.1 
35.9 
36.7 
37.5 
38.3 
39.1 
39.9 

24.7 
26.3 
25.9 

28.5 
27.1 
27.7 
28.3 
28.9 
26.6 
30.1 

101 
02 
03 
04 
06 
06 
07 
06 
00 
10 

80.7 
81.5 

83. 1 
83.9 
84.7 
85.5 
86.3 
87.1 
87.8 

60.8 
61.4 
62.0 
62.6 
63.2 
63.8 
64.4 
66.0 
65.6 
66.2 

161 
62 
63 
64 
66 
66 
67 
68 
69 
70 

128.6 
129.4 
130.2 
131.0 
131.8 
132.6 
133.4 
134.2 
135.0 
135.6 

86.9 
97.5 
98.1 
98.7 
99.3 
99.9 
100.5 
101.1 
101.7 
102.3 

221 
22 

24 
25 
26 

27 
28 
29 
30 

176,5 
177.3 
178.1 
178.9 
179.7 
180.5 
181.3 
182.1 
182.9 
183.7 

62 

83 
84 
65 
86 
87 
66 

90 

225.2 

22s.  0 

226.8 
227.6 

228.4 
220.2 
230.0 
230.8 
231.6 

169.1 
169.7 
170.3 
170.9 
171.6 
172.1 
172.7 
17S.3 
173.9 
174.5 

61 
62 
63 
64 
55 
66 
67 
68 
69 
60 

40.7 
41.6 
42.3 
43.1 
43.9 
44.7 
46.6 
46.3 
47.1 
47.9 

30.7 
31.3 
31.9 
32.6 
33.1 
33.7 
34.3 
34.9 
35.6 
36.1 

12 
13 
14 
16 
16 
17 
18 
19 
20 

86.6 
89.4 
90.2 
91.0 
01.8 
92.6 
93.4 
94.2 
96.0 
96.8 

66.8 
67.4 
68.0 
66.6 
69.2 
69.8 
70.4 
71.0 
71.6 
72.2 

171 
72 
73 
74 
75 
76 
77 
78 
79 
80 

136.6 
137.4 
138.2 
139.0 
139.8 
140.6 
141.4 
142.2 
148. 0 
143.8 

102:9 
103.5 
104.1 
104.7 
105.3 
105.9 
106.6 
107.1 
107.7 
106.3 

231 
32 
33 
34 
35 
36 
37 
38 

40 

184.5 
185.3 
186.1 
186.9 
187.7 
186.5 
189.3 
190.1 
190.9 
191.7 

139.0 
139.6 
140.2 
140.8 
141.4 
142.0 
142.6 
143.2 
143.6 
141.4 

92 
93 
94 
95 
96 
97 
96 
99 
300 

233^2 
234.0 
234.8 
235.6 
236.4 
237.2 
236.0 
238.6 
239.6 

175.1 

176.7 
176.3 
176.9 
177.6 
178.1 
178.7 
179.3 
179.9 
180.6 

nit 

Dep. 

Lat. 

WA. 

Dep. 

Ut. 

DIM. 

IXP. 

IJA. 

Din. 

Dep. 

Lot 

DKL 

Dep. 

LM. 
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IHffennoe  o(  I*titnde  and  Departaie  for  37"  (143°,  217",  323"). 

Dirt. 

Lst 

Dtp. 

DIM. 

ut. 

Dep. 

Dtot. 

I*C 

D«p. 

DilL 

Ial 

Dep. 

Din. 

L.I.     ,    Dep.     1 

301 

240.4 

181.1 

361 

288.3 

217.3 

421 

336.2 

263.4 

481 

384.1 

289.5 

641 

432.0 

326.6 

02 

241.2 

181.7 

62 

289.1 

217.9 

22 

337.0 

264.0 

82 

384.9 

290.0 

42 

432.8 

386.2 

03 

242.0 

182.4 

63 

289.9 

218.6 

23 

337.8 

264.6 

83 

386.7 

290.6 

43 

433.6 

326.8 

M 

242.7 

183-0 

64 

290.7 

219.1 

24 

338.6 

256.2 

84 

386.6 

291.2 

44 

434.4 

327.3 

06 

243.6 

183.6 

66 

291.5 

219.7 

25 

339.4 

255.8 

85 

387.3 

291.8 

46 

436.2 

327.9 

06 

244.3 

184.2 

66 

292.3 

220.3 

26 

340.2 

256.4 

86 

388.1 

292.4 

46 

436.0 

328.5 

07 

246.1 

184.8 

67 

293.1 

220.9 

27 

341.0 

257.0 

87 

388.9 

298.0 

47 

436.8 

329.1 

08 

345.9 

186.4 

293.9 

221.6 

28 

341.8 

257.6 

88 

389.7 

293.6 

48 

437.6 

329.7 

00 

246.7 

186.0 

69 

294.7 

222.1 

29 

342.6 

258.2 

89 

390.6 

294.2 

49 

438.4 

330.3 

10 

Sir 

247.5 
248.3 

186.6 
187:2 

70 

371 

296.6 
296.3 

222.7 
223.3 

30 

431 

343.4 
344.2 

258.8 
259.4 

90 
491 

391.3 

294.8 

50 

439.2 

330.9 

392.1 

290 

651 

440.0 

331.5 

12 

249.1 

187.8 

72 

297.1 

32 

346.0 

260.0 

92 

296.0 

52 

440.8 

332.1 

13 

249.9 

188. 4 

73 

297.9 

224.5 

33 

346.8 

260.6 

93 

393.7 

296.6 

53 

+11.6 

332.7 

H 

260.7 

189.0 

74 

298.7 

226.1 

34 

346.6 

261.2 

94 

394.6 

297.2 

54 

442.4 

333.3 

16 

261.6 

189.6 

76 

299.6 

226.7 

36 

347.4 

261.8 

95 

395. 3  !  297, 8 

66 

443.2 

333.9 

16 

262.3 

190.2 

76 

300.3 

226.3 

36 

348.2 

262.4 

96 

396.1  ,298.5 

56 

444.0 

334.6 

17 

253.1 

190.8 

77 

301.1 

226.9 

37 

349,0 

263.0 

97 

396.9 

290.1 

57 

444.8 

235.2 

16 

263.9 

191.4 

78 

301.8 

227.5 

38 

349.8 

263.6 

98 

397.7 

299.7 

68 

446.6 

336.8 

19 

^4.7 

192.0 

79 

302.6 

228.1 

39 

350.6 

264.2 

99 

398.8 

300.3 

59 

446.4 

336.4 

20 

256.6 

192.6 
193.2 

80 
381 

303.4 

304.2 

228.7 

40 

351.4 

264.8 

500 

399.3 

300.9 

60 

447.2 

337.0 

229.3 

441 

362.2 

266.4 

■&or 

400.1 

301.6 

661 

448.0 

337.6 

22 

267.1 

193.8 

82 

305.0 

229.9 

42 

353.0 

266.0 

02 

400.9 

302.1 

62 

448.8 

338.2 

23 

267.9 

194.4 

83 

306.8 

230.5 

43 

353.8 

266.6 

03 

401.7 

302.7 

63 

449.6 

338.8 

24 

258.7 

196.0 

84 

306.6 

231.1 

44 

364.6 

287.2 

04 

402.6 

303.3 

64 

450.4 

339.4 

25 

269.5 

195.6 

86 

307.4 

231.7 

45 

356.4 

267.8 

06 

403.3 

303.9 

66 

451.2 

340.0 

26 

260.3 

196.2 

86 

308.2 

232.3 

46 

356.2 

268.4 

06 

404.1 

304.5 

66 

452.0 

340.6 

27 

261.1 

196.8 

87 

309.0 

232.9 

47 

357.0 

269.0 

07 

404.9 

305.1 

67 

452.8 

341.2 

28 

261.9 

197.4 

88 

309.8 

233.6 

48 

357.8 

269.6 

08 

406.7 

306.7 

68 

463.6 

341,8 

29 

262.7 

198.0 

89 

310.6 

234.1 

49 

358.6 

270.2 

09 

406.5 

306.3 

69 

464.4 

342.4 

30 

263.5 

198.6 

90 

311.4 

234.7 

50 

369.4 

270.8 

10 

407.3 

306.9 

70 

455.2 

343.0 

3M" 

264.3 

199.2 

"39r 

312.2 

236.3 

IsT 

360.1 

271:4 

"6ir 

408.1 

307.6 

671 

456.0 

343.6 

32 

265.1 

199.8 

92 

313.0 

235.9 

52 

360.9 

272.0 

12 

408.9 

306.2 

72 

466.8 

344.3 

33 

26.5.9 

200.4 

93 

313.8 

236.5 

53 

361.7 

272.6 

13 

400.7 

308.8 

73 

457.6 

344.9 

34 

266.7 

201.0 

94 

314.6 

237.1 

54 

362.6 

273.2 

14 

410.5 

309.4 

74 

468.4 

345.5 

35 

267.6 

201.6 

95 

316.4 

237.7 

66 

363.3 

273.8 

15 

411.3 

310.0 

75 

459. 2  '  346. 1 

36 

268.3 

202.2 

96 

316.2 

238.3 

66 

.364.1 

274.4 

16 

412.1 

310.6 

76 

460. 0  1  346.  7 

37 

269.1 

202.8 

97 

317.0 

238.9 

57 

364,9 

275.0 

17 

412.9 

311.2 

77 

460.8  1  347.3 

38 

269.9 

203.4 

98 

317.8 

58 

365.7 

276.6 

18 

413.7 

311.8 

78 

461.6 

347.9 

39 

270.7 

204.0 

99 

318.6 

240.1 

59  1  366. 5 

276.2 

19 

414.6 

312.4 

79 

462.4 

348.5 

40 

271.5 

204.6 

400 

319.4 

240.7 

60  1  367. 3 

276.8 

20 

416.3 

313.0 

80 

463.2 
464.0" 

aTT 

272.3 

205.2 

40r 

320.2 

241.3 

161 

368.1 

277:4 

mt 

416.1 

313.6 

ear 

349.7 

42 

273.1 

206.8 

02 

321.0 

241.9 

62 

368.9 

278.0 

22 

416,9 

314.2 

82 

464.8 

350.3 

43 

273.9 

206.4 

03 

321.8 

242.5 

63 

369.7 

278,6 

23 

417.7 

314.8 

83 

466.6 

360.0 

44 

274.7 

207.0 

I'i 

322.6 

243.1 

64 

370.5 

279.2 

24 

418.6 

316.4 

84 

466.4 

361.5 

45 

275.5 

207.6 

06 

323.4 

243.7 

66 

371.3 

279.8 

25 

419,3 

316.0 

86 

467.2 

362.1 

46 

276.3 

208.2 

06 

324.2 

344.3 

66 

372.1 

26 

420,1 

316.6 

86 

468.0 

352.7 

47 

277.1 

208.8 

07 

326,0 

2+4.9 

67 

372.9 

281.0 

27 

420.9 

317.2 

87 

468.8 

863.3 

48 

277.9 

209.4 

OS 

325.8 

246.5 

373.7 

281.6 

28 

421.7 

317.8 

469.6 

353.9 

49 

278.7 

210.0 

09 

326.6 

246.1 

69 

374.5 

29 

422.5 

318.4 

89 

470.4 

354.6 

60 

279.6 

210.6 

10 

327.4 

246.7 

70 

376.3 

282.9 

30 

423.3 

319.0 

90 

471.2 

366.1 

361 

280.3 

211.2 

411 

"32872- 

24773 

47r 

376.1 

283.6 

mr 

424.1 

319.6 

591 

472.0 

366.7 

62 

281.1 

211.8 

12 

329.0 

247.9 

72 

376.9 

284.1 

32 

424.9 

320.2 

92 

472.8 

366.3 

63 

281.9 

212.4 

13 

329.8 

248.5 

73 

377.7 

284.7 

33 

426.7 

320.8 

93 

473.6 

366.9 

54 

282.7 

213.0 

14 

330.6 

249.2 

74 

378.5 

286.3 

34 

426.6 

321.4 

94 

474.4 

357.5 

56 

283.6 

213.6 

16 

331.4 

249.8 

76 

379.3 

285.9 

36 

427.  S 

322.0 

95 

476.2 

358.1 

66 

284.3 

214.2 

16 

332.2 

250.4 

76 

380.1 

286.6 

36 

428.1 

322.6 

96 

476.0 

368.7 

67 

286.1 

214.8 

17 

333.0 

251.0 

77 

380.9 

287.1 

37 

428.9 

323.2 

97 

476.8 

359.3 

68 

286.0 

216.4 

18 

333.8 

251.6 

78 

381.7 

287.7 

38 

420,7 

323.8 

98 

477.6 

359.9 

6S 

286.7 

216.1 

19 

334.6 

262.2 

79 

382.5 

288.3 

430,6 

324.4 

99 

478.4 

360.5 

60 

287.6 

216.7 

20 

336.4 

252.8 

80 

383.3 

288.9 

40 

431.3 

326.0 

600 

479.2 

361.1 

DM. 

Dep. 

UL 

Dtai? 

Dep. 

Ut. 

DWT 

Dep. 

L.t. 

DIM. 

Dep, 

Ut. 

mmT 

Dep. 

U.t. 
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TABLE  2. 

»,  322=). 

DM. 

ut. 

Dep. 

Dim. 

L&t. 

Dep. 

!«.[. 

L.t. 

Dep. 

DM. 

lAt. 

Dep. 

DM. 

L*t. 

Dep. 

0.8 

0.6 

61 

48.1 

37.6 

121 

86.3 

74.6 

181 

142.6 

111.4 

241 

189.9 

14S.4 

i.e 

1.2 

62 

48.9 

38.2 

22 

86.1 

76.1 

82 

143.4 

112.1 

42 

190.7 

149.0 

2.4 

1.8 

S3 

49.6 

38.8 

23 

96.9 

75.7 

144.2 

112.7 

43 

191.9 

149.6 

12 

2.5 

64 

60.4 

39.4 

24 

97.7 

76.3 

84 

145.6 

113.3 

44 

192.3 

150.2 

3.9 

3.1 

65 

61.2 

40.0 

26 

88.5 

77.0 

86 

145,8 

113.9 

45 

193.1 

150.8 

4.7 

3.7 

66 

62.0 

40.6 

26 

io3i 

77.6 

86 

146.6 

114,5 

46 

193,9 

151.5 

5.6 

4.3 

67 

52.8 

41.2 

27 

78.2 

87 

147.4 

115.1 

47 

194.6 

162.1 

8.3 

4.9 

68 

53.6 

41.0 

28 

100.\fl 

78.8 

88 

146.1 

115.7 

48 

195.4 

152.7 

7.1 

6.5 

68 

64.4 

42.6 

29 

101.x 

79.4 

89 

148.9 

116.4 

49 

196.2 

153.3 

10 

7.9 

6.2 

70 

65.2 

43.1 

30 

102.  i 

80.0 

90 

149.7 

117.0 

50 

197.0 

153.9 

8.7 

6.8 

"tT 

55.9 

"43?r 

"isT 

103.2' 

"807 

Tor 

150.5 

117.6 

■25r 

197.8 

154.5 

9.5 

7.4 

72 

56.7 

44.3 

32 

104.0 

81.3 

92 

151.3 

118.2 

62 

198.6 

155.1 

10.2 

8.0 

73 

67.6 

44.9 

33 

104.8 

81.9 

93 

152.1 

118.8 

53 

199.4 

155.8 

11.0 

8.6 

74 

58.3 

45.6 

34 

106.6 

82.5 

94 

162.9 

119.4 

54 

200.2 

166.4 

11.8 

S.2 

75 

69.1 

46.2 

36 

106.4 

83.1 

95 

153.7 

120.1 

55 

200.9 

157.0 

12.6 

9.9 

76 

69.9 

46.8 

36 

107,2 

83.7 

96 

164.5 

120,7 

66 

201.7 

157.6 

13.4 

10.5 

77 

60.7 

47.4 

37 

108.0 

84.3 

97 

166.2 

121.3 

57 

202.6 

168.2 

18 

14.2 

11.1 

78 

61.6 

48.0 

38 

108.7 

86. 0 

98 

156.0 

121.9 

58 

203.3 

168.8 

19 

15.0 

11.7 

79 

62.3 

48.6 

38 

109.6 

86.6 

98 

156.8 

122.5 

69 

2W.1 

15B.5 

20 

16.8 

12.3 

80 

63.0 

49.3 

40 

110.3 

86.2 

200 

157.6 

123.1 

60 

204.9 

160.1 

~W 

16.5 

T279- 

"ST 

63.8 

49.8 

HI 

Ul.l 

86.8 

lor 

168.4 

123.7 

^r 

205.7 

180.7 

22 

17.3 

13.5 

82 

64.6 

SO.  5 

42 

111.9 

87.4 

02 

159.2 

124.4 

82 

206.5 

161.3 

23 

18.1 

14.2 

88 

65.4 

51.1 

43 

112.7 

88.0 

03 

160.0 

125.0 

63 

207.2 

161.9 

24 

18.9 

14.8 

84 

66.2 

51.7 

44 

113.6 

88.7 

,  04 

160.8 

126.6 

64 

208.0 

162.5 

25 

19.7 

16.4 

85 

S7.0 

52.3 

45 

114.3 

89.3 

05 

181.5 

126.2 

06 

208.8 

163.2 

26 

20.6 

16.0 

86 

67.8 

62.9 

46 

115.0 

89.9 

06 

162.3 

126.8 

66 

209.6 

1S3.8 

27 

21.3 

IS.  6 

87 

68.6 

53.6 

47 

116.8 

90.6 

07 

163.1 

127.4 

67 

210.4 

164.4 

28 

22.1 

17.2 

88 

09.3 

54.2 

48 

116.6 

91.1 

08 

183.9 

128.1 

88 

211.2 

166.0 

29 

22.8 

17.9 

89 

70.1 

64.8 

48 

117.4 

91.7 

08 

164.7 

128.7 

68 

212.0 

166.6 

30 

23.6 

18.5 

90 

70.9 

65.4 

50 

118.2 

92.3 

10 

165.6 

129.3 

70 

212.8 

16a  2 

24.4 

19.1 

~TLT 

56.0 

TsT 

119.0 

93.0 

■2Tr 

166.3 

129.9 

iTT 

213.6 

186.8 

32 

26. 2" 

19.7 

92 

72.5 

56.6 

52 

119.8 

93.6 

12 

167.1 

130.5 

72 

214.3 

167.5 

33 

26.0 

20.3 

93 

73.3 

67.3 

53 

120.6 

94.2 

13 

167.8 

131.1 

73 

216.1 

168.1 

34 

26.8 

20.9 

94 

74.1 

67.9 

64 

121.4 

94.8 

14 

168.6 

131.8 

74 

216.9 

168.7 

35 

27.6 

21.6 

96 

74.9 

58.5 

66 

122.1 

96.4 

15 

109. 4 

132.4 

75 

216.7 

169.3 

36 

28.4 

22.2 

96 

76.6 

69.1 

66 

122.9 

■96.0 

16 

170.2 

133.0 

76 

217.5 

169.9 

37 

29.2 

22.8 

97 

76.4 

59.7 

57 

123.7 

96.7 

17 

171.0 

133.6 

77 

218.8 

170.5 

38 

29.9 

23.4 

98 

77.2 

60.3 

58 

124.6 

97.3 

18 

171.8 

134.2 

78 

219.1 

171.2 

39 

30.7 

24.0 

99 

78.0 

61.0 

59 

126.3 

97.9 

18 

172.6 

134.8 

79 

219.9 

171.8 

40 

31,6 

24.6 

100 

78.8 

61,6 

60 

136.1 

98.5 

20 

173.4 

135.4 

80 

220.6 

172.4 

41 

32.3 

26.2 

101 

79.6 

62.2 

leT 

126."9' 

99.1 

"^r 

174.2 

136.1 

MT 

221.4 

173.0 

42 

33.1 

25.9 

02 

'30.4 

62.8 

62 

127.7 

99.7 

22 

174.9 

136.7 

82 

222.2 

173.6 

43 

33.9 

03 

81.2 

63.4 

63 

128.4 

100.4 

23 

175.7 

137.3 

223.0 

174.2 

44 

34.7 

27.1 

04 

82.0 

64.0 

64 

129.2 

101.0 

24 

176.6 

137.9 

84 

223.8 

174.  B 

45 

35.5 

27.7 

05 

82.7 

64.6 

65 

130.0 

101.6 

25 

177.3 

133.5 

85 

224.6 

175.6 

46 

36.2 

28.3 

06 

65.3 

66 

130.8 

102.2 

26 

178.1 

139.1 

8« 

226.4 

176.1 

47 

37,0 

28.9 

07 

84.3 

66.9 

67 

131.6 

102.8 

27 

178.9 

139.8 

87 

226.2 

176.7 

48 

37,8 

29.6 

08 

86.1 

66.5 

68 

132.4 

103.4 

28 

179.7 

140.4 

88 

226.9 

177.3 

49 

38.6 

30.2 

09 

86.9 

67.1 

69 

133.2 

104.0 

29 

180.5 

141.0 

89 

227.7 

177.9 

50 

39.4 

30.8 

10 

86.7 

67.7 

70 

134.0 

104.7 

30 

181.2 

141.6 

90 

228.6 

178.6 

51 

40.2 

31.4 

111 

87.5 

68.3 

iTT 

134.7 

106.3 

■wr 

182.0 

142.  a 

■29r 

■229X 

179.2 

52 

41.0 

32,0 

12 

88.3 

69.0 

72 

135.5 

105.9 

32 

182.8 

142.8 

92. 

230.1 

179.8 

53 

41.8 

32.6 

13 

89.0 

69.  S 

73 

136.3 

106.5 

33 

183.6 

143.4 

93 

230.9 

18a4 

54 

42.6 

33.2 

14 

89.8 

70.2 

74 

137.1 

107.1 

34 

184.4 

144.1 

94 

231.7 

181.0 

56 

43.3 

33.9 

16 

90.6 

70,8 

75 

137.9 

107.7 

35 

186.2 

144.7 

95 

232.6 

181.6 

56 

44.1 

34.5 

16 

91.4 

71.4 

76 

138.7 

108.4 

36 

186.0 

146.3 

06 

233.8 

182.2 

57 

44.9 

35.1 

17 

92.2 

72.0 

77 

139.5 

109.0 

37 

186.8 

146,9 

97 

234.0 

182.9 

68 

46.7 

36.7 

18 

93.0 

72.6 

78 

140.3 

109,6 

38 

187.5 

146.5 

98 

234.8 

183.5 

59 

46.5 

36.3 

19 

93.8 

73.3 

79 

141.1 

110,2 

39 

188.3 

147.1 

99 

235.6 

184.1 

60 

47.3 

36.9 

20 

94.6 

73.9 

80 

141.8 

110,8 

40 

189.1 

147.8 

300 

236.4 

184.7 

1^ 

Dep. 

Ut 

DM. 

Dep. 

Lat. 

DM. 

Dep. 

Lkt 

DM. 

Dep. 

lAU 

DM. 

Dep. 

LcL 

62' 

{128S  282«, 

808"). 

1 

ijGoogle ' 
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DiffsieDoe  of  Latitade  and  Departure  for  38°  (142°,  218°,  322°). 

DM. 

IM. 

D«p. 

DM. 

IM. 

Dep. 

DM. 

1*1. 

Dep. 

Dim. 

UL 

Dep. 

DM. 

I^ 

Dep. 

301 

237. 2 

186.3 

861 

284.6 

222.3 

421 

831.8 

269.2 

481 

379.0 

296.2 

541 

426.3 

333.1 

02 

2St.O 

186.9 

62 

286.3 

222.9 

22 

259.8 

82 

379.8 

296.8 

42 

427.1 

333.7 

03 

238.8 

186.6 

63 

286.0 

223.5 

23 

333.3 

260.4 

83 

380.6 

297.4 

43 

427.9 

334.3 

M 

239.6 

187.2 

64 

286.8 

224.1 

24 

334.1 

261.0 

64 

381.4 

298.0 

44 

428.7 

336.0 

06 

240.3 

187.8 

65 

287.6 

224.7 

26 

334.9 

261.7 

86 

382.2 

298.6 

46 

429.6 

386.6 

OS 

241.1 

188.4 

66 

288.4 

226.3 

26 

335.7 

262.3 

86 

383.0 

299.2 

48 

430.3 

336.2 

07 

241.9 

189.0 

67 

289.2 

228.0 

27 

336.5 

262.9 

87 

383.8 

299.8 

47 

431.0 

336.8 

08 

242.7 

189.6 

68 

290.0 

226.6 

28 

337.3 

263.6 

384.6 

300.4 

48 

431.8 

337.4 

09 

243.6 

190.2 

69 

290.8 

227.2 

29 

338.1 

264.1 

89 

385.3 

301.1 

49 

432.6 

338.0 

10 

244.3 

190.9 

70 

291.6 

227.8 

30 

338.8 

264.7 

90 

386.1 

301.7 

50 

433.4 

338.6 

Sir 

246.1 

191.6 

37r 

292.4 

228.4 

431 

339.6 

265.4 

491 

386. 0' 

302.3 

"MT 

434.2 

'339.3 

246.9 

192.1 

72 

293.1 

229.0 

340.4 

266.0 

92 

387.7 

302.9 

62 

43-^.0 

339.9 

246.6 

192.7 

73 

293.9 

229.8 

33 

341.2 

266.6 

93 

388.5 

303.5 

53 

435.8 

340.5 

247.4 

193.3 

74 

294.7 

230.3 

34 

342.0 

267.2 

94 

389.3 

304.2 

54 

436.6 

341.1 

248.2 

193.9 

75 

296.6 

230.9 

36 

342.8 

267.8 

96 

390.1 

304.8 

56 

437.4 

341.7 

249.0 

194.6 

78 

296.3 

231.6 

86 

343.6 

268.4 

96 

390.9 

306.4 

66 

438.1 

342.8 

249.8 

196.2 

77 

297.1 

232.1 

37 

344.4 

269.1 

97 

301.6 

306.0 

67 

438.9 

343.0 

260.6 

196.8 

78 

297.9 

232.7 

38 

346.2 

269.7 

392.4 

306.6 

68 

439.7 

343.6 

2B1.4 

196.4 

79 

298.7 

233.3 

39 

346.9 

270.3 

99 

393.2 

307.2 

69 

440.5 

344.2 

20 

262.2 

197.0 

80 

290.4 

234.0 

40 

346.7 

270.9 

500 

394.0 

307.8 

60 

441.3 

344.8 

■^r 

263.0 

197.6 

38r 

1602" 

234.6 

441 

347.6 

271.6 

eoT 

394.8 

308.4 

MT 

442.1 

345.4 

22 

263.7 

198.2 

301.0 

235.2 

42 

348.3 

272.1 

02 

305.8 

809.1 

62 

442.9 

346.0 

23 

264.6 

198.9 

301.8 

236.8 

43 

349.1 

272.7 

03 

396.4 

309.7 

63 

443.7 

346.6 

24 

266.3 

199.6 

84 

802.6 

236.4 

44 

349.9 

273.4 

04 

397.2 

310.3 

64 

444.4 

347.2 

26 

266.1 

200.1 

85 

303.4 

237.0 

45 

350.7 

274.0 

05 

397.9 

3t0.9 

66 

446.2 

347,8 

26 

266.9 

200.7 

86 

304.2 

237.7 

46 

361.6 

274.6 

06 

398.7 

311.6 

6S 

446.0 

348?6 

27 

267.7 

201.3 

87 

306.0 

238.3 

47 

352.2 

275.2 

07 

399.5 

312.2 

67 

446.8 

349.1 

28 

258.6 

201.9 

88 

306.7 

238.9 

48 

353.0 

275.8 

08 

400.3 

312.8 

68 

447.6 

849.7 

29 

269.3 

202.6 

89 

306.6 

239.6 

49 

353.8 

276.4 

09 

401.1 

313.4 

66 

448.4 

350.3 

30 

260.0 

203.2 

_go_ 

307.3 

240.1 

60 

364.6 

277.1 

10 

401.9 

314.0 

70 

449.2 

350.9 

■^r 

260.8 

203.8 

391 

808.1 

240.7 

45r 

355.4 

277:7 

■sir 

-402rr 

314.6 

"67r 

4S0.0 

361.6 

32 

261.6 

204.4 

92 

308.9 

241.3 

52 

356.2 

278.3 

12 

403.5 

315.2 

72 

450.7 

352.2 

33 

262.4 

206.0 

93 

309.7 

242.0 

53 

367.0 

278.9 

13 

404.2 

315.8 

73 

451.5 

352.8 

84 

263.2 

206.6 

94 

310.6 

242.6 

54 

367.8 

279.5 

14 

405.0 

316.4 

74 

452.3 

353.4 

35 

264.0 

206.3 

06 

311.3 

243.2 

56 

358.5 

280.1 

15 

405.8 

317.1 

76 

463.1 

364.0 

36 

264.8 

206.9 

96 

312.1 

243.8 

66 

280.7 

16 

406.6 

317.7 

76 

453.9 

354.6 

37 

286.6 

207.5 

97 

312.8 

244.4 

57 

360.1 

281.4 

17 

407.4 

318.3 

77 

464.7 

365.2 

38 

266.3 

208.1 

98 

313.6 

246.0 

58 

360.9 

282.0 

18 

408.2 

318.9 

78 

466.6 

355.8 

3B 

267.1 

206.7 

99 

314.4 

246.7 

69 

361.7 

19 

409.0 

319.6 

79 

466.3 

366.4 

40 

287.9 

209.3 

400 

315.2 

246.3 

60 

362.5 

283.2 

20 

409.8 

320.2 

80 

467.1 

367.1 

^4r 

~mT 

200-9 

lor 

316.0 

246.9 

46r 

"363.3 

2^:8 

KT 

410.6 

320.8 

ler 

457.8 

367.7 

42 

269,6 

210.6 

02 

318.8 

247.5 

62 

364.1 

284.4 

22 

411.3 

321.4 

82 

458.6 

368.3 

43 

270.3 

211.2 

03 

317.8 

248.1 

63 

364.9 

285.1 

412.1 

322.0 

83 

459.4 

358.9 

44 

271.1 

211.8 

04 

318.4 

248.7 

64 

366.6 

285.7 

24 

412.9 

322.6 

84 

460.2 

359.6 

4S 

271.9 

212.4 

06 

319.1 

249.3 

66 

366.4 

286.3 

26 

413.7 

328.2 

85 

461.0 

360.2 

46 

272.7 

213.0 

06 

319.9 

250.0 

66 

367.2 

286.9 

26 

414.6 

323.8 

86 

461.8 

360.8 

47 

273.4 

313.6 

07 

320.7 

250.6 

67 

368.0 

287.5 

27 

415.3 

324.5 

87 

462.6 

361.4 

48 

274.2 

214.3 

08 

321.5 

261.2 

68 

368.8 

288.1 

28 

416.1 

325.1 

463.3 

362.0 

49 

275.0 

214.9 

09 

322.3 

261.8 

69 

369.  S 

288.7 

20 

416.9 

326.7 

89 

464.1 

362.6 

60 

■seT 

275.8 

215.6 

10 

323.1 

252.4 

70 

370.4 

280.3 

30 

4  7.6 

326.8 

90 

464.9 

363.2 

276.6 

21671 

"4ir 

"SST 

253.0 

47r 

"StlF 

2900 

"ssr 

4  8.4 

326.9 

■^r 

"4657r 

-sSsTT 

52 

277.4 

216.7 

12 

324.7 

258.7 

72 

371.9 

290.6 

32 

4  9.2 

327.5 

92 

466.5 

364.4 

63 

278.2 

217.3 

13 

326.6 

254.3 

73 

372.7 

291.2 

33 

420.0 

328.2 

93 

467.3 

366.1 

64 

279.0 

218.0 

14 

326.2 

264,9 

74 

373.5 

291.8 

34 

420.8 

328.8 

94 

468.1 

866.7 

66 

279.7 

218.6 

15 

327.0 

255.5 

75 

374.3 

292.4 

38 

421.6 

329.4 

96 

468.9 

366.3 

66 

280.6 

219.2 

16 

327.8 

266.1 

76 

376.1 

293.1 

36 

422.4 

330.0 

96 

469.7 

366.9 

67 

C81.3 

219.8 

17 

328.6 

266.7 

77 

376.9 

37 

423.2 

330.6 

97 

470.5 

367.8 

68 

282.1 

220.4 

18 

329.4 

257.4 

78 

376.7 

294.8 

424.0 

331.2 

98 

471.2 

368.1 

69 

262.0 

221.0 

19 

330.2 

268.0 

79 

377.6 

294.9 

39 

424.7 

331.  S 

99 

472.0 

368.7 

60 

283.7 

221.6 

20 

331.0 

268.6 

80 

378.2 

206.6 

40 

425.5 

332.5 

600 

472.8 

869.4 

DIM. 

Dtp. 

Lat. 

DM. 

Dep.    1   Ut. 

DM. 

Dcp. 

Lat. 

DtaT 

Dep. 

Lat. 

DM. 

Dep. 

lAt. 

62°  (128°,  232",  308°).                                                                 1 
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TABLE  2. 

Diflerance  of  LaUtude  and  Depftrtnre  for  39<-  (141'>,  219°,  321°). 

DM. 

LM. 

Dep- 

IHrt. 

IM. 

D«p. 

DiSL 

L>t. 

Dep. 

Dltt. 

lAL 

Dep. 

DIK. 

I*t. 

Dep. 

1 

0.8 

0.6 

61 

47.4 

88.4 

121 

94.0 

76.1 

181 

140.7 

113.9 

241 

187.3 

151.7 

2 

1.6 

1.3 

^ 

48.2 

39.0 

22 

94.8 

78.8 

82 

141.4 

114.5 

42 

188.1 

162.3 

2.3 

1.9 

63 

49.0 

39.6 

23 

05.6 

77.4 

83 

142,2 

116.2 

43 

188.8 

152.9 

4 

8.1 

2.6 

64 

49.7 

40.3 

24 

96.4 

78.0 

84 

143.0 

116.8 

44 

189.6 

158.6 

5 

3.9 

8.1 

66 

50.5 

40.9 

25 

97.1 

78.7 

85 

143.8 

116.4 

46 

190.4 

154.2 

6 

4.7 

8.8 

66 

61.3 

41.6 

26 

97.9 

79.3 

86 

144.5 

117.1 

46 

191.2 

154.8 

7 

6.4 

4.4 

67 

62.1 

42.2 

27 

98.7 

79.9 

87 

145.3 

117.7 

47 

192.0 

155.4 

6.2 

6.0 

68 

52.8 

42.8 

28 

99.6 

80.8 

88 

148.1 

118.3 

48 

192.7 

156.  J 

« 

7.0 

6.7 

69 

53.6 

43.4 

29 

100.8 

81.2 

89 

146.9 

118.9 

49 

193.5 

166.7 

10 

7.8 

6.3 

70 

54.4 

44.1 

30 

101.0 

81.8 

90 

147.7 

119.6 

60 

194.8 

157.3 

11 

8.5 

6.9 

-IT 

~60" 

44.7 

Tsr 

101.8 

82.4 

Tsr 

148.4 

120.2 

261 

T96rr 

"16810' 

12 

9.3 

7.6 

72 

56.0 

45.3 

32 

102.6 

83.1 

92 

149.2 

120.8 

52 

195.8 

168.6 

IS 

10.1 

8.2 

73 

56.7 

45.9 

103.4 

83.7 

93 

150.0 

121.6 

53 

106.6 

160.2 

14 

10.9 

8.8 

74 

67.6 

46.6 

34 

104.1 

84.3 

94 

160.8 

122.1 

64 

197.4 

169.8 

16 

11.7 

9.4 

76 

68.3 

47.2 

36 

104.9 

86.0 

95 

151.5 

122.7 

56 

198.2 

180.6 

16 

12.4 

10.1 

76 

59.1 

47.8 

36 

105.7 

86.6 

96 

152.3 

123.3 

56 

198.9 

161.1 

17 

13.2 

10.7 

77 

59.8 

48.6 

37 

106.6 

86.2 

97 

163.1 

124.0 

57 

199.7 

161.7 

18 

14.0 

11.3 

78 

60.6 

49.1 

88 

107.2 

86.8 

98 

153.9 

124.6 

58 

200.6 

162.4 

19 

14.8 

12.0 

79 

61.4 

49.7 

39 

108.0 

87.5 

99 

164.7 

126.2 

59 

201.3 

163.0 

30 

16.6 

12.6 

80 

62.2 

60.3 

40 

108.8 

88.1 

200 

165.4 

126.9 

60 

202.1 

163.6 

21 

Tsrr 

13.2 

-sT 

62.9 

61.0 

141 

109.6 

88.7 

201 

166.2 

126.6 

26r 

202.8 

164.3 

22 

17.1 

13.8 

82 

63.7 

61.6 

42 

110.4 

89.4 

02 

167.0 

127.1 

208.6 

164.9 

23 

17.9 

14.5 

83 

64.6 

52.2 

43 

111.1 

00.0 

03 

167.8 

127.8 

63 

204.4 

166.6 

24 

18.7 

16.1 

84 

65.3 

52.9 

44 

111.9 

90.6 

04 

168.6 

128.4 

64 

206.2 

166.1 

25 

19.4 

15.7 

85 

66.1 

68.6 

45 

112.7 

91.3 

05 

159.3 

129.0 

65 

205.9 
206.r 

166.8 

2* 

20.2 

IS.  4 

86 

66.8 

64.1 

46 

113.6 

91.9 

06 

160.1 

129.6 

66 

167.4 

27 

21.0 

17.0 

87 

67.6 

54.8 

47 

114.2 

92.6 

07 

160.9 

130.3 

67 

207.6 

168.0 

28 

21.8 

17.6 

88 

68.4 

56.4 

48 

116,0 

08 

161.6 

130.9 

68 

208.8 

168.7 

2» 

22.6 

18.3 

89 

69.2 

66.0 

49 

115.8 

93.8 

09 

162.4 

131.6 

69 

209.1 

189.3 

80 

23.3 

18.9 

90 

69.9 

56.6 

50 

116.6 

94.4 

10 

163.2 

132.2 

70 

209.8 

ieo.9 

24.1 

19.6 

91 

70.7 

67.3 

IST 

117.3 

95.0 

211 

164.0 

132.8 

27r 

210.6 

170.6 

82 

24.9 

20.1 

92' 

71.6 

67.9 

62 

118.1 

95.7 

12 

164.8 

133.4 

72 

211.4 

171.2 

3S 

26.6 

20.8 

93 

72.3 

58.5 

63 

118.9 

96.3 

13 

166.6 

134.0 

73 

212.2 

171.8 

34 

26.4 

21.4 

94 

73.1 

69.2 

64 

119.7 

96.9 

14 

166.3 

134.7 

74 

212.9 

172.4 

85 

27.2 

22.0 

95 

73.8 

59.8 

66 

120.6 

97.5 

15 

167.1 

135.3 

76 

213.7 

178.1 

86 

28.0 

22.7 

96 

74.6 

60.4 

56 

121.2 

98.2 

18 

167.9 

136.9 

76 

214.5 

173.7 

87 

28.8 

23.3 

97 

75.4 

61.0 

57 

122.0 

96.8 

17 

168.6 

186.6 

77 

216.3 

174.3 

88 

29.5 

23,9 

98 

76.2 

61.7 

122.8 

99.4 

18 

169.4 

137.2 

78 

216.0 

176.0 

30 

30.3 

24.6 

99 

76.9 

62.3 

59 

123.6 

100.1 

19 

170.2 

137.8 

79 

216.8 

175.6 

40 

31.1 

26.2 

100 

77.7 

62.9 

60 

124.3 

100.7 

20 

171.0 

188.5 

80 

217.6 

176.2 

41 

"STT 

»T 

"ioT 

78.5 

63.6 

Ter 

126.1 

101.3 

22r 

171.7 

189.1 

mT 

218.4 

176.8 

42 

32.6 

as.  4 

02 

79.3 

64.2 

125.9 

101.9 

22 

172.6 

139.7 

82 

219.2 

177.6 

48 

83.4 

27.1 

03 

80.0 

64.8 

63 

126.7 

102.6 

23 

173.8 

140.3 

83 

219.0 

178.1 

44 

84.2 

27.7 

04 

80.8 

66.4 

64 

127.5 

103.2 

24 

174.1 

141.0 

84 

220.7 

178.7 

46 

36.0 

28.8 

06 

81.6 

66.1 

65 

128.2 

103.8 

26 

174.9 

141.6 

85 

221.5 

179.4 

46 

35.7 

28.9 

06 

82.4 

86.7 

66 

129.0 

104.6 

26 

176.6 

142.2 

86 

222.8 

180.0 

47 

86.5 

29.8 

07 

83.2 

67.3 

67 

129.8 

106.1 

27 

176.4 

142.9 

87 

223.0 

180.6 

48 

87.3 

30.2 

08 

88.9 

68.0 

68 

130.6 

106.7 

28 

177.2 

143.6 

89 

225.8 

181.2 

« 

38.1 

30.8 

00 

84.7 

68.6 

69 

131.3 

106.4 

29 

178.0 

144.1 

89 

224.6 

181.9 

50 

38.9 

31.6 

10 

85.5 

69.2 

70 

132.1 

107.0 

30 

178.7 

144.7 

90 

225.4 

182.6 

~6r 

39.6 

32.1 

m~ 

86.3 

69.9 

in" 

132.9 

107.6 

MT 

179.5 

146.4 

w 

226.1 

183.1 

62 

40.4 

32.7 

12 

87.0 

70.5 

72 

133.7 

108.2 

32 

180.3 

146.0 

92 

226.9 

183.8 

68 

41.2 

83.4 

18 

87.8 

71.1 

73 

134.4 

108.9 

33 

181.1 

146.6 

227.7 

184.4 

54 

42.0 

34.0 

14 

88.6 

71.7 

74 

135.2 

109.5 

34 

181.9 

147.3 

94 

228.5 

185.0 

66 

42.7 

34.6 

15 

89.4 

72.4 

76 

136.0 

110.1 

36 

182.6 

147.9 

95 

229.3 

185.6 

56 

43.6 

35.2 

18 

00.1 

73.0 

76 

136.8 

110.8 

36 

183.4 

148.5 

96 

280.0 

186.3 

57 

44.3 

S6.9 

17 

00.9 

78.6 

77 

137.6 

111.4 

87 

184.2 

149.1 

97 

230.8 

186.9 

68 

45.1 

36.6 

18 

91.7 

74.3 

78 

188.3 

112.0 

88 

186.0 

149.8 

98 

231.6 

187.6 

69 

46.9 

37.1 

19 

92.6 

74.9 

79 

139.1 

112.6 

39 

186.7 

150.4 

99 

232.4 

188.2 

60 

46.6 

37.8 

20 

93.8 

76.6 

80 

139.9 

113.3 

40 

186.6 

161.0 

300 

233.1 

188.8 

DdiL 

Dei. 

IM. 

Dtot. 

Dep. 

Ut. 

DtiL 

Bep. 

Lat. 

DM. 

Dep. 

Lat. 

DM. 

Dep. 

UlL. 

6pT 

29°,  231°,  309°). 
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I»ffei«ice  of  I^tade  ud  Deputuro  for  !^°  (141«,  21«°,  321'). 

DW. 

lAt. 

Dep. 

DIM. 

lAt 

Dep. 

DIM. 

Lat 

Dep. 

DIM. 

L>t. 

Dep. 

DIM. 

Ut. 

Dep. 

301 

233.9 

189.4 

361 

280.6 

227.1 

421 

327.2 

264.9 

481 

878.8 

302.6 

641 

420.4 

340.4 

02 

234.7 

190. 0 

62 

281.3 

227.8 

22 

328.0 

266.6 

82 

374.6 

303.3 

42 

421.2 

341.0 

08 

285.5 

190.6 

63 

282.1 

228.4 

23 

328.7 

266.2 

83 

375.4 

303.9 

43 

422,0 

341.7 

04 

236.3 

191.3 

64 

282.9 

229.0 

24 

829.5 

266.8 

84 

376.1 

304.6 

44 

422.7 

342.3 

06 

237.0 

191.9 

65 

283,7 

229.7 

25 

330.3 

267.4 

88 

376.9 

805.2 

45 

423.6 

342.9 

06 

237.8 

192.6 

66 

284.4 

230.3 

26 

331.1 

268.0 

86 

377.7 

305.8 

46 

424.3 

343.6 

07 

238.6 

193.2 

67 

285.2 

230.9 

27 

331.9 

268.7 

87 

378.6 

306.4 

47 

426.1 

344.2 

08 

239.4 

193.8 

68 

286.0 

231.6 

28 

332.6 

269.3 

88 

379.3 

807.1 

48 

425.9 

344.8 

09 

240.1 

194.4 

60 

286.8 

232.2 

29 

333.4 

269.9 

89 

380.0 

307.7 

49 

426.6 

346.5 

10 

240.9 

195.0 

70 

287.6 

232.8 

30 

334.2 

270.6 

90 

380.8 

308,3 

60 

427.4 

346.1 

Sn 

241.7 

195T 

37r 

"mX 

"^374 

431 

335.0 

271.2 

491 

381.6 

308.9 

■w 

428.2 

346.7 

12 

242.5 

196.3 

72 

289.1 

234.1 

32 

336.7 

271.8 

92 

882.4 

309.6 

52 

429.0 

347. 4 

13 

243.3 

196.9 

73 

289.9 

234.7 

33 

336.6 

272.5 

98 

383.1 

310.2 

63 

429.7 

348.0 

14 

244.0 

197.6 

74 

290.7 

236.3 

34 

337.3 

273.1 

94 

383.9 

310.8 

54 

430.5 

348.6 

16 

244.8 

198.2 

76 

291.4 

236.0 

35 

338.1 

273.7 

96 

384.7 

311.6 

55 

431.3 

349.2 

16 

246.6 

19».8 

76 

292.2 

36 

388.8 

274.3 

96 

885.5 

312.1 

56 

438.1 

349.9 

17 

246.4 

199.5 

77 

293.0 

237!! 

37 

339.6 

275.0 

97 

386.2 

312.7 

67 

432.8 

860.6 

18 

247.1 

200.1 

78 

293.8 

237.8 

38 

340.4 

275.6 

98 

387.0 

818.3 

58 

438.6 

351.1 

19 

247.9 

200.7 

79 

294.6 

238.6 

39 

341.2 

276.2 

99 

387.8 

814.0 

58 

434.4 

361.7 

20 

248.7 

201.3 

80 

296.3 

239.1 

40 

342.0 

276.9 

600 

388. 6 

314.7 

60 

436.2 

362.4 

■^r 

249.5 

mro 

fflT 

IwT" 

239T 

441 

312.7 

277.5 

601 

389.4 

316.3 

lor 

436.9 

363.0 

22 

260.3 

202.6 

82 

296.9 

240.4 

42 

343.5 

278.1 

02 

890.1 

815.9 

62 

436.7 

368.6 

23 

261.0 

203.2 

88 

297.7 

241.0 

43 

344.3 

278.7 

03 

390.9 

316.5 

63 

437.5 

354.3 

24 

261.8 

84 

298.4 

241.6 

44 

345.1 

279.4 

04 

391.7 

317.1 

64 

438.3 

364.9 

26 

262.6 

204!  5 

85 

299.2 

242.2 

48 

346.8 

280.0 

05 

392.5 

817.8 

65 

439.1 

386.8 

26 

253.4 

205.1 

86 

300.0 

242.9 

46 

346.6 

280.6 

06 

393.2 

318.4 

66 

439.8 

856.2 

27 

264.1 

205.7 

87 

300.8 

243.5 

47 

347.4 

281.3 

07 

394.0 

319.0 

67 

440.6 

366.8 

28 

264.9 

206.4 

88 

301.5 

244.1 

48 

348.2 

281.9 

08 

394.8 

319.6 

68 

441.4 

367.4 

29 

266.7 

207.0 

89 

302.3 

244.8 

49 

349.0 

00 

395.6 

69 

442.2 

868.1 

30 

266.6 

207.6 

90 

303.1 

246.4 

60 

349.7 

283.2 

10 

396.3 

320.9 

70 

443.0 

358.7 

MT 

267.2 

208.3 

391 

303.9 

246.0 

46r 

360.6 

^ST 

"eiT 

887.1 

321.6 

"StT 

443.7 

369.8 

32 

268.0 

208.9 

92 

304.7 

246.7 

52 

361.3 

284.4 

12 

887.9 

322.2 

72 

444.6 

369.9 

33 

268.8 

209.6 

93 

305.4 

247.3 

53 

352.1 

286.0 

13 

398.7 

73 

445.3 

360.6 

34 

269.6 

210.2 

94 

306.2 

247.9 

54 

352.8 

286.7 

14 

399.4 

323,4 

74 

446.1 

861.2 

35 

260.4 

210.8 

95 

307.0 

248.6 

55 

363.6 

286.3 

15 

400.2 

324.1 

76 

446.9 

361.8 

36 

261.1 

211.4 

06 

307.8 

249.2 

66 

354.4 

286.9 

16 

401.0 

324.7 

76 

447.6 

362.4 

87 

261.9 

212.0 

97 

308.6 

249.8 

67 

366.2 

287.6 

17 

401,8 

325.3 

77 

448.4 

363.1 

38 

212.7 

98 

309.3 

250.4 

58 

366.9 

288.2 

18 

402,6 

325.9 

78 

449.2 

363.7 

39 

213.3 

99 

810.1 

251.1 

59 

356.7 

19 

403.3 

326.6 

79 

460.0 

364,3 

40 

284.2 

213.9 

400 

310.9 

281.7 

60 

367.6 

289.4 

20 

404.1 

327.2 

80 

460,7 

365.0 

Sir 

266.0 

214.6 

401 

311.6 

262.3 

461 

358.3 

290.1 

"62r 

404.9 

327.8 

68r 

461.5 

305.6 

42 

265.8 

215.2 

02 

312.4 

252.9 

62 

359.1 

200.7 

22 

405.7 

328.6 

82 

452.3 

366.2 

43 

266.6 

215.8 

03 

313.2 

263.8 

369.8 

291.3 

406.4 

329,1 

463.1 

366.9 

44 

267.3 

216.4 

04 

314.0 

254.2 

64 

360.6 

292.0 

24 

407.2 

329,7 

84 

463.9 

867.5 

46 

268.1 

217.1 

06 

314.8 

254.8 

65 

361.4 

292.6 

25 

408.0 

330.4 

86 

464.6 

368.1 

46 

268.9 

217.7 

06 

815.5 

266.6 

66 

362.2 

293,2 

26 

408.8 

331.0 

86 

466.4 

368.8 

47 

268.7 

218.3 

07 

316.3 

266.1 

67 

362.9 

293.8 

27 

400,6 

331.6 

87 

466.2 

369.4 

48 

270.6 

219.0 

08 

317.1 

266.7 

68 

363.7 

294.5 

410.3 

332.3 

88 

467.0 

370.0 

49 

271.2 

219.6 

09 

317.9 

267.3 

364.5 

295.1 

29 

411.1 

332.9 

89 

457.8 

370.6 

60 

272.0 

220.2 

10 

318.6 

258.0 

70 

366.3 

295.7 

30 

411.9 

333.6 

90 

458.5 

371.3 

3B1 

272.8 

220.8 

411. 

819.4 

268.6 

47r 

366.0 

296.4 

"gsT 

412.6 

334.1 

"gOT 

459.3 

871.8 

62 

273.6 

221.5 

320.2 

259.2 

72 

366.8 

297.0 

32 

413.4 

334.8 

82 

4«0,1 

372.5 

63 

274.3 

222.1 

321.0 

269.9 

73 

367.6 

297.6 

33 

414.2 

335.4 

93 

460.8 

378.2 

64 

275.1 

222.7 

321.8 

260.6 

74 

368.4 

298.8 

84 

416.0 

336.1 

94 

461,6 

373.8 

S5 

276.9 

223.4 

822.5 

261.1 

75 

369.2 

298.9 

85 

415.8 

336.7 

95 

462.4 

374.4 

66 

276.7 

823.3 

261.8 

76 

369.9 

299.5 

36 

416.5 

337.3 

96 

468.2 

876.1 

67 

277.6 

224.6 

324.1 

262.4 

77 

370.7 

800.1 

37 

417.3 

337.9 

97 

464.0 

376.7 

68 

278.2 

226.3 

324.9 

263.0 

78 

87M. 

300.8 

38 

418.1 

338.5 

98 

464.8 

376.3 

69 

279.0 

226.9 

326.6 

263.6 

79 

372:? 

301.4 

39 

418.9 

339.1 

99 

466.5 

876.9 

60 

279.8 

226.5 

20 

326.4 

264.3 

80 

873.0 

302.0 

40 

419,6 

339.8 

600 

466.3 

377.6 

WW. 

Dep. 

l*t. 

MM. 

Dtp. 

Ul. 

Din. 

Dep. 

Lat. 

DIM. 

Dep. 

lAt. 

DIM. 

Dep. 

IM. 

61»  (129",  281',  809").                                                                 1 
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TABLE  2. 

DIM. 

LaE. 

Pep. 

^ 

lAU 

Dep. 

Dirt. 

Ut 

Dep. 

Dtat. 

I«t. 

Dep. 

DIM. 

I*t. 

»«p. 

1 

0.8 

0.6 

61 

46.7 

39.2 

121 

92.7 

77.8 

181 

138.7 

116.3 

241 

184.6 

164.9 

2 

1.6 

1.3 

62 

47.5 

39.9 

22 

93.6 

78.4 

82 

139.4 

117.0 

42 

185.4 

166.6 

3 

2.3 

1.9 

63 

48.3 

40.5 

23 

94.2 

79.1 

83 

140.2 

117.8 

43 

186.1 

156.2 

4 

3.1 

2.6 

64 

49.0 

41.1 

24 

96.0 

79.7 

84 

141,0 

118.3 

44 

186.9 

166.8 

6 

3.8 

3.2 

66 

49.8 

41.8 

26 

itf 

_8P.3 

85 

141.7 

118.9 

45 

187.7 

167.5 

6 

4.6 

8.9 

66 

50.6 

42.4 

26 

81.0 

86 

142,6 

119.6 

46 

188.4 

16S.1 

7 

5.4 

4.6 

67 

61.3 

43.1 

27 

97,3 

81.6 

87 

143.3 

130,2 

47 

189.2 

168.8 

8 

6.1 

6.1 

68 

62.1 

43.7 

28 

08.1 

82.3 

88 

144,0 

120.8 

48 

190.0 

159.4 

9 

6.9 

5.8 

69 

62.9 

44.4 

29 

98.8 

82.9 

89 

144.8 

121.6 

49 

190.7 

160.1 

10 

7.7 

6.4 

70 

63.6 

45.0 

30 

99.6 

S3. 6 

.  90 

146.6 

122.1 

60 

191.5 

160. 7 

8.4 

7.1 

~7r 

64.4 

46.6 

i3r 

100.4 

84.2 

wT 

146.3 

T^re 

■26r 

192.3 

TelT 

12 

9.2 

7.7 

72 

55.2 

46.3 

32 

101,1 

84.8 

92 

147.1 

123.4 

62 

193.0 

162.0 

13 

10.0 

8.4 

73 

66.9 

46.9 

33 

101.9 

85. 5 

93 

147.8 

124.1 

63 

193.8 

162.6 

U 

10.7 

9.0 

74 

66.7 

47.6 

34 

102.6 

86.1 

94 

148.6 

124.7 

64 

194.6 

168.3 

IB 

11.6 

9.6 

76 

67,6 

48.2 

36 

103.4 

86.8 

96 

149.4 

126.3 

65 

195.3 

163.9 

16 

12.3 

10.3 

76 

68.2 

48.9 

36 

104.2 

87.4 

96 

160.1 

126.0 

66'< 

196.1 

164.6 

17 

13.0 

10.9 

77 

59. 0 

49.6 

37 

104.9 

88.1 

97 

160.9 

126,6 

57 

196.9 

166.2 

IS 

18-8 

11.6 

78 

69.8 

60.1 

38 

105.7 

88.7 

98 

151.7 

127.3 

68 

197.6 

166.8 

19 

14.6 

12.2 

79 

60.6 

60.8 

39 

106-5 

89.3 

99 

152.4 

127.9 

69 

196.4 

ie«i.« 

20 

16.3 

12.9 

80 

61.3 

61.4 

40 

107.2 

90.0 

200 

163,2 

128.6 

60 

199.2 

167.1 

-2r 

16.1 

13.6 

~8r 

62.6 

62.1 

141 

108.0 

90.6 

2or 

154.0 

129,2 

■26r 

199.9 

167.8 

22 

16.9 

14.1 

82 

62.8 

62.7 

42 

108.8 

91.3 

02 

154.7 

129.8 

200.7 

168.4 

23 

17.6 

14.8 

S3 

63.6 

63.4 

43 

109.6 

91.9 

03 

165.6 

130.5 

63 

201.8 

169.1 

24 

18.4 

16.4 

84 

64.8 

64.0 

44 

110,3 

92.6 

04 

156,3 

131.1 

64 

202.2 

169.7 

25 

19.2 

16.1 

85 

65.1 

54.6 

45 

lU.l 

93,2 

05 

157.0 

131.8 

66 

170.3 

26 

19.9 

16.7 

S6 

66.9 

66.3 

46 

111.8 

93.8 

06 

167.8 

132.4 

66 

203.8 

171.0 

27 

20.7 

17.4 

87 

66.6 

56.9 

47 

112.6 

94.5 

07 

168.6 

138.1 

67 

204.5 

171.6 

21.4 

18.0 

88 

67.4 

56.6 

48 

113.4 

95.1 

08 

159.3 

133.7 

68 

206.3 

172.3 

29 

22.2 

18.6 

89 

68.2 

57.2 

49 

114.1 

06.8 

09 

160.1 

134.3 

69 

206.1 

172.9 

30 

23.0 

19.3 

90 

68.0 

57.9 

60 

114.9 

96,4 

10 

160,9 

136.0 

70 

206,8 

173.6 

~3r 

23.7 

19.9 

69.7 

5*L6 

TST 

TlO" 

97,1 

"2Tr 

161.6 

136.6 

-sn 

207.6 

174.2 

S2 

24.6 

20.6 

92 

70.5 

59.1 

116.4 

97,7 

12 

162.4 

136.3 

72 

208.4 

174.8 

33 

25.3 

21.2 

93 

71.2 

59.8 

63 

117.2 

98,3 

13 

163.2 

136.9 

73 

209.1 

176.6 

34 

28.0 

21.9 

94 

72.0 

60.4 

64 

118.0 

99,0 

14 

163.9 

137.6 

74 

209.9 

176.1 

86 

28.8 

22.6 

95 

72.8 

61.1 

55 

118.7 

99.6 

15 

164.7 

138.2 

76 

210.7 

176.8 

36 

27.6 

23.1 

96 

73.5 

61.7 

66 

119.6 

100.3 

16 

166.5 

138.8 

76 

211.4 

m.4 

37 

28.3 

23.8 

97 

74.3 

62.4 

67 

120.3 

100.9 

17 

16«.2 

139.6 

77 

212.2 

17&1 

38 

29.1 

24.4 

98 

75.1 

66 

121.0 

101,6 

18 

1^0 

140.1 

78 

213.0 

178.7 

39 

29.9 

25.1 

99 

75.8 

63.6 

69 

131.8 

102.2 

19 

167.8 

140.8 

79 

2117 

179.3 

40 

30.6 

25.7 

100 

76,6 

64.3 

60, 

122,6 

102.8 

20 

168.6 

141.4 

80 

214.5 

180.0 

41 

31.4 

20.4 

lor 

64.9 

TeT 

123:3- 

103.6 

mr 

169. 3' 

142.1 

mT 

215.3 

180.6 

42 

32.2 

27.0 

02 

78!l 

66.6 

62 

124,1 

104.1 

22 

170.1 

142.7 

82 

216.0 

181.3 

43 

32.9 

27.6 

03 

78.9 

66.2 

63 

124.9 

104.8 

23 

170.8 

143.3 

216.8 

181.9 

44 

33.7 

28.3 

04 

79.7 

66.8 

64 

126,6 

105.4 

24 

171.6 

144.0 

84 

217.6. 

182.6 

45 

34. 6 

28.9 

05 

80.4 

67.5 

65 

126.4 

106.1 

28 

172,4 

144.6 

85 

218.3 

183.2 

46 

35.2 

29.6 

06 

81.2 

68.1 

66 

127, -2 

106.7 

26 

173.1 

145.3 

86 

219.1 

183.8 

47 

36.0 

30.2 

07 

82.0 

68.8 

67 

127.9 

107.3 

27 

173.9 

146.9 

87 

219.9 

184.6 

46 

36.8 

30.9 

08 

82.7 

60.4 

68 

128,7 

108.0 

28 

174,7 

146,6 

88 

220.6 

185.1 

49 

87.5 

31.6 

09 

83.5 

70.1 

69 

129,5 

108.6 

,29 

175.4 

147.2 

89 

221.4 

186.8 

60 

38.3 

32.1 

10 

64.3 

70.7 

70 

130,2 

109.3 

30 

176.2 

147.8 

00 

222.2 

186.4 

30.1 

32.8 

TTT 

85.0 

71.  S 

vn 

ITiTo" 

109,9 

^r 

177.0 

148.6 

"29r 

■^2X 

"187T 

62 

39.8 

33.4 

12 

86.8 

72,0 

72 

131,8 

110.6 

82 

177.7 

149.1 

92 

223.7 

187.7 

63 

40.6 

84.1 

13 

86.6 

72.6 

73 

132.5 

111.2 

33 

178,6 

149,8 

93 

224.6 

188.3 

54 

41.4 

34.7 

14 

S7.3 

73.3 

74 

133.3 

111,8 

34 

179,3 

160,4 

94 

225.2 

189.0 

55 

42.1 

86.4 

16 

88.1 

73.9 

75 

134.1 

112.6 

35 

180.0 

151.1 

96 

226.0 

189.6 

66 

42.9 

36. 0 

16 

SS.9 

74.6 

76 

134.8 

113.1 

36 

180,8 

161.7 

96 

226.7 

190.3 

57 

43.7 

36.6 

17 

89.6 

76.2 

77 

135.6 

113.8 

37 

181.6 

152.3 

97 

227.5 

190.9 

68 

44.4 

37.3 

18 

90.4 

75.8 

78 

136.4 

114.4 

38 

182.3 

153,0 

98 

228.3 

191.6 

69 

46.2 

37.9 

18 

91.2 

76.8 

79 

137.1 

115.1 

39 

183.1 

153.6 

99 

229.0 

192.2 

60 

46.0 

36.6 

20 

91.9 

77.1 

80 

137.9 

116.  7 

40 

183.9 

154.3 

300 

229.8 

192.8 

DM. 

Dep. 

Ut 

DIM. 

Dep. 

lit 

Din. 

D«p. 

L.I. 

DIM. 

Dep. 

Ial 

dIm! 

D«p. 

IM. 

60°  (190=,  230»,  310").                                                                  | 
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-     ^        TABLE  2.                                        IPage  611 
DUference  of  Lfttitade  and  Departore  for  40»  (140",  220",  820'). 

OaL 

I«L 

Dep. 

Dirt. 

IaL 

Dep. 

Wrt. 

1*1. 

Dap. 

•»»• 

IM. 

Dep. 

Dirt. 

Idt, 

Dep. 

301 
02 
03 
04 
06 
OS 
07 
08 
09 
10 

230.6 
231.3 
232.1 
232.9 
233. 6 
234.4 
236.2 
236.0 
236.7 
237.5 

193. 6 
104.1 
194.8 
196.4 
196.1 
196.7 
197.3 
198.0 
198.6 
199.3 

361 
62 
63 
64' 
66 
66 
67 
68 
69 
70 

276.6 
277.3 
278.1 
278.6 
279,6 
280.4 
281.1 
281.9 
282.7 
283.4 

232.1 

233!  3 
234.0 
234.6 
235.8 
235.9 
238,6 
237.2 
237.8 

421 

24 
26 
26 
27 
28 
20 
30 

322.6 
323,3 
324.0 
324.8 
326.6 
326.3 
327,1 
327.9 
328.6 
329.4 

270.6 
271.3 
271.0 
272.6 
273.2 
273.8 
274.6 
275.1 
275.8 
276.4 

481 

82 
83 

84 
85 
86 
87 
88 
89 
90 

368.6 
360.2 
370.0 
370.8 
371.6 
372.3 
378.1 
373.8 
374.6 
376.4 

309.2 
309.8 
310.6 
311.  t 
311.7 
312.4 
313.0 
313.6 
314.3 
314,9 

641 
42 
43 
44 

45 
46 
47 
48 
49 
60 

414.4 
416. 2 
416.0 
416.7 
417.6 
418.3 
419.0 
419.8 
420.8 
421.3 

347.7 
348.4 
349.0 
349.7 
360.3 
361.0 
361.6 
362.2 
362.9 
363.6 

12 
18 
14 
15 
16 
17 
18 
19 
SO 

239.0 
230.8 
240.6 
241.3 
242.1 
242.6 
243.6 
244.4 
246.1 

199.9 
200.6 
201.2 
201.8 
202.6 
203.1 
203.  S 
204.4 
205.1 
206.7 

3/1 

72 
73 
74 
76 
76 
77 
76 
79 
80 

284.2 
286.0 
286.7 
286.6 
287.3 
288.0 
288.8 
289.6 
290.3 
291.1 

238.5 
239.1 
239.7 
240.4 
241.0 
241.7 
242.3 
243.0 
243.6 
244,3 

431 
32 
33 

34 
36 
36 
37 
38 
39 
40 

330.9 
331.7 
332.6 
333.2 
834.0 
334.8 
336.6 
336.3 
337.1 

277.7 
278.3 
279.0 
279.6 
280.3 
280.9 
281.6 

282!  8 

491 
92 
93 
94 
96 
96 
97 
98 
99 

500 

376.1 
376.9 
377.7 
378.4 
379.2 
380.0 
380.7 
361.5 
382.8 
383.0 

315,6 
316.2 
316.9 
317.5 

318.2 
318.8 
319.6 
32ai 

320.8 
321,4 

651 
52 
63 
64 
65 
56 
67 
68 
69 
60 

422.9 
423.6 
424.4 
426.2 
426.9 
426.7 
427.5 
428.2 
429.0 

364.8 
356.5 
366.1 
366.8 
367.4 
368.0 
368.7 
369.3 
360.0 

22 
23 
24 
2S 
28 
27 
38 
20 
30 

246.7 
247.4 
248.2 
249.0 
24B.7 
260.6 
261.3 
262.0 
262.8 

207.0 
207.6 
208.3 
208.9 
209.6 
210.2 
210.8 
211.6 
212.1 

82 
83 

84 
86 
86 

87 

89 

90 

292.6 
293.4 
294.2 
294.9 
296.7 
296.6 
297.2 
298.0 
298.8 

244.9 
246.6 
246.2 
246.8 
247.6 
248.1 
248.8 
249,4 
260.1 
250,7 

441 
42 
43 
44 
46 
46 
47 
48 
49 
60 

338,6 
339.4 
340.1 
340.9 
341r7 
342.4 
343.2 
344.0 
344.7 

284.1 
284.8 
285.4 
286.0 
286.7 
287.3 
288.0 
288.6 
289.3 

5U1 
02 
03 
04 
06 
06 
07 
08 
09 
10 

383.8 
384.6 
386.3 
386.1 
886.8 
387.6 
388.4 
389.2 
389.9 
390.7 

322.0 
322.7 
323.3 
324.0 
324.6 
326.2 
326.9 
326.6 
327.1 
327.8 

62 
63 
64 

66 
67 
68 

69 
70 

429.8 
430.6 
431.8 
432.1 
432.8 
433.6 
434. 3 
436.1 
436.9 
436.6 

360.6 
361.2 
361.9 
362.6 
368.2 
363.8 
364.5 
366.1 
365.8 
366.4 

32 
33 
34 
36 
36 
37 
38 
38 
40 

264.3 
256.1 
266.9 
266.6 
257.4 
258. 2 
^8.9 
259.7 
260.6 

213.4 
214.1 
214.7 
216.3 
216.0 
216.6 
217.3 
217.9 
218.6 

92 
93 
04 
95 

96 
97 
98 
99 
400 

300.3 
301.1 

301.8 
302.8 
303.4 
304.1 
304.9 
306.7 
306.4 

262.0 
252.6 
263.3 
263.0 
264.6 
255,2 
26S.6 
266.6 
267.1 

62 
53 
64 

65 
56 
67 
68 
69 
60 

346.3 

tili 

348.6 
349.3 
360.1 

350.8 
351.6 
352.4 

290.6 
291.2 
291.8 
292.6 
293.1 
293.8 
294.4 
295.0 
296.7 

bll 
12 
13 
14 
16 
16 
17 
18 
19 
20 

391.6 
392.2 
393,0 
393.8 
394.6 
396.3 
396.1 
396.6 
397.6 
398.3 

328.4 
329.1 
329.7 
330.4 
331.0 
331.6 
332.3 
332.9 
333.6 
334.2 

571 
72 
73 
74 
76 
76 
77 
78 
79 
80 

438.2 
438.9 
439.7 
440.6 
441.2 
442.0 
442.8 
443.6 
444.3 

367.7 
368.3 
369.0 
369.6 
370.2 
370.9 
371.6 
972.2 
S72.8 

341 
42 
43 
44 
46 
46 
47 
48 
49 
60 

261.2 
262.0 
282.8 
283.6 
284.3 
266.1 
266.8 
286.6 
267.4 
268.1 

219.2 
219.8 
220.6 
221.1 
221.8 
222.4 
223.1 
223.7 
224.3 
226.0 

401 
02 
03 
04 
06 
06 
07 
08 
09 
10 

307.2 
308.0 

308.7 
309.6 
310. 2 
311. 0 
311.8 
312.5 
313.3 
314.1 

257.8 
268.4 
259.1 

269.7 
260.3 
261.0 
261.6 
262.3 
262.9 
263.6 

461 
62 
63 
64 
65 
66 
67 
68 
69 
70 

353.1 
353.9 

364.7 
355.4 
356.2 
367.0 
357. 7 
358.5 
359.3 
360.0 

296.3 

297.0 
297.6 
298.3 
298,9 
299.6 
300.2 
300.8 
301,5 
302,1 

521 
22 
23 
24 
25 
28 
27 
28 
29 
30 

399.1 
399.9 
400.6 
401.4 
402.2 
402.0 
403.7 
404.5 
405.2 
406.0 

334.9 

336!  1 

336.8 
337.4 
338.1 

339!  4 
340.0 
340,6 

681 

84 
85 
86 
87 

89 
90 

446,1 
446.8 
446.6 
447.4 
448.1 
443.9 
449.7 
460.4 
451.2 
452.0 

873.6 
374.1 
374.8 
376.4 
376.0 
376.7 
377.3 
378.0 
378.6 
379.2 

361 

64 

66 
56 
67 
63 
59 
60 

268. 9 
260.6 
270  4 
271.2 
271.9 
272.7 
273.6 
274.2 
276.0 
276.8 

225.6 

226!  9 

227.6 

228!  8 
229.6 
230.1 
230.8 

231.4 

411 
12 
13 
14 
16 
16 
17 
18 
19 
20 

314.8 
315.6 
316.4 
317.1 
317.9 
318.7 
319.4 
320.2 
321.0 
321.7 

264.2 
264.8 
266.6 
266.1 
266.8 
267.4 
268.1 
268.7 
269.3 
270.0 

471 
72 
73 
74 
76 
76 
77 
78 
79 
80 

360.8 
361.6 
362.3 
363.1 
363.9 
364.6 
366.4 
366.2 
366.9 
367.7 

302.8 
303.4 
304,0 
304.7 
306.3 
306.0 
306.6 
307.3 
307.9 
308.6 

531 
32 
33 
34 
36 
36 
37 
38 
39 
40 

406.8 
407.5 
408.3 
409.1 
409.8 
410.6 
411.4 
412.1 
412.9 
413.7 

341,3 
341.9 
342.6 
343. 2 
343.9 
344.5 
348.2 
346.8 
346.4 
347.1 

691 
92 
93 
94 
96 
96 
97 
98 
99 

600 

462.7 
453.6 
454.3 
466.0 
456.8 
466.6 
467.3 
468.1 
468.9 
469.6 

379.9 
380,6 
381.2 
381.8 
382.4 
883.1 
38a7 
384.4 
886.0 
386.7 

M*. 

D^ 

Ut. 

Dirt. 

Dep. 

IM. 

Dirt. 

Dep. 

IM. 

Dirt. 

Dep. 

Ut. 

Dirt. 

Dep. 

IM. 

60"  (aSO",  280",  310«).                                                                 1 
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TABLE  2. 

IMOeraiice  of  lAtitade  and  Depwtnre  for  41o  (13»«,  221",  8I90). 

Qlrt. 

l^ 

D«p. 

Din. 

L*t. 

Dep. 

DIM. 

LM. 

Dep. 

Dirt. 

lAt. 

Dep. 

Dbl. 

1*1. 

Dep. 

1 

0.8 

0.7 

61 

46.0 

40.0 

121 

91.3 

79.4 

181 

136.8 

118.7 

241 

181.9 

158.1 

2 

1.6 

1.3 

62 

46.8 

40.7 

22 

02.1 

80.0 

82 

137.4 

119.4 

42 

182.8 

158.8 

3 

2.3 

2.0 

63 

47.5 

41.3 

23 

92.8 

80.7 

83 

138.1 

120.1 

43 

183.4 

159.4 

4 

3.0 

2.6 

64 

48.3 

42.0 

24 

93.8 

81.4 

81 

138.9 

120.7 

44 

184.1 

160.1 

6 

8.8 

3.3 

66 

49.1 

42.6 

25 

94.3 

82.0 

85 

139.6 

121.4 

45 

184.9 

180.7 

4.6 

3.9 

66 

49.8 

43.3 

26 

95.1 

82.7 

36 

140.4 

122.0 

46 

185.7 

161.4 

7 

6.8 

4.6 

67 

50.6 

44.0 

27 

95.8 

83.3 

87 

141.1 

122.7 

47 

186.4 

162.0 

e.0 

6.2 

68 

51.3 

44.6 

28 

96.6 

84.0 

88 

141.9 

123.3 

48 

187.2 

162.7 

9 

6.8 

5.9 

69 

52.1 

45.3 

29 

97.4 

84.6 

142.8 

124.0 

49 

187.9 

163.4 

10 

7.5 

6.6 

70 

52.8 

46.9 

SO 

98.1 

86.3 

90 

143.4 

124.7 

60 

188.7 

164.0 

IT 

8.3 

7.2 

-TT 

-WW 

48.6 

Tsr 

-90- 

86.9 

wr 

144.1 

125.3 

■^r 

■mr 

tmT 

12 

9.1 

7.9 

72 

54.3 

47.2 

32 

99.6 

86.6 
87.  J 

92 

144.9 

128.0 

190.2 

165.3 

13 

9.8 

8.5 

73 

56.1 

47.9 

33 

100.4 

93 

146.7 

128.6 

63 

190.9 

166.0 

U 

10.6 

9.2 

74 

56.8 

48.6 

34 

101.1 

87.9 

94 

146.4 
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73 
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93 
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129.1 
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14 
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74 
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34 
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94 
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75 
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35 
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95 
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56 
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36 

101.1 

91.0 

96 

146,7 

131.1 
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62 
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23 
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61.7 
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03 
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63 
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24 

17.8 
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84 
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66.2 

44 
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04 
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136.5 

64 
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176.7 

25 
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16.7 

66 

63.2 
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45 

107,8 

97.0 

06 

152.3 

137.2 

65 

196,9 

177.3 

26 

19.3 

17.4 

86 

63,9 

67.5 

46 
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06 
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137.8 

66 
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27 
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87 
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154.6 

139.2 
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89 

66.1 
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32 
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92 
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52 
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12 
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141.9 

72 

202.1 

1S2.0 

33- 

24.6 

22.1 

93 

69.1 

62.2 

63 

113.7 

102.4 

13 

168.3 

142.6 

73 

202.9 

182.7 

34 

26.8 

22.8 

94 

69.9 

62.9 

64 

114.4 

103.0 

159.0 

143.2 

74 

203.6 

183.3 

36 

26.0 

23.4 

96 

70.8 

63.8 

66 

115.2 

103.7 

169.8 

143.9 

75 

204.4 

184.0 

36 

28.8 

24.1 

96 

71.3 

64.2 

56 

115.9 

104.4 

160.5 

144.5 

76 

206.1 

184.7 

37 

27.5 

24.8 

97 

72.1 

64.9 

57 

116.7 

105.1 

161.3 

145,2 

77 

205,9 

185.3 

38 

28.2 

26.4 

98 

72.8 

66.6 

68 

117.4 

106,7 

162.0 

146,9 

78 

206.6 

186.0 

89 

29.0 

26.1 

99 

73.6 

66.2 

59 

118.2 

106.4 

162.7 

146.5 

79 

207.3 

186.7 

40 

29.7 

26.8 

100 

74.8 

66.9 

60 

118.9 

107.1 

20 

163.5 

147.2 

80 
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kt 
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42 
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02 
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62 
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22 
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82 
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43 
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03 

76.6 

68,9 

63 

m.i 
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23 
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83 
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44 
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04 
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69,6 

64 
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24 
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149.9 

84 
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4S 
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30,1 

05 

78.0 
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65 
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25 
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85 
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46 
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Ul.l 

26 
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86 
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34.9 
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07 
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67 
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27 
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87 
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48 

36.7 
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08 
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68 
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28 
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88 
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49 
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09 
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89 
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34 
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94 
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66 

41,6 

37.6 

86.2 

77.6 
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96 
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77 
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87 

176.1 
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97 
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68 
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78 
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38 

176.9 
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98 
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69 
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19 
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79.6 

79 
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39 
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TABLE  2.                                         [Pag«61&    1 

/       /■       ^  IMfl«r«M»oiL»atnd«»dDepftrtiife(or*2''(138",  222",  318").                                1 

Diirt. 

LAl. 

IKp. 

DM. 

ut. 

D«p. 

Dirt. 

UL 

l>ep. 

I>Ut 

I*t 

Dep. 

DM. 

L»t. 

Dw. 

SOI 

223.7 

201.4 

361 

268.  S 

241.6 

421 

312.9 

281.7 

481 

357.5 

321.9 

641 

402.1 

362.0 

02 

224.4 

62 

260.0 

242.2 

22 

313.8 

282.4 

82 

358.2 

322.6 

42 

402.8 

382.7 

03 

226.2 

202.8 

63 

269.8 

242.9 

23 

314.4 

283.0 

83 

358.9 

323.2 

43 

403.5 

363.8 

04 

225.9 

203.4 

64 

270.6 

243.6 

24 

315.1 

283.7 

84 

369.7 

323.9 

44 

404.3 

364.0 

05 

226.6 

2<M.l 

66 

271,2 

244.2 

26 

316,8 

284.4 

85 

360.4 

324.8 

46 

406.0 

364.7 

06 

227-4 

204.8 

66 

272.0 

244.0 

28 

318.6 

286.1 

86 

381.2 

325.2 

46 

406.8 

366.4 

07 

228.1 

206.4 

67 

272.7 

245.6 

27 

317.3 

285.7 

87 

381.9 

325.9 

47 

406.6 

366.0 

08 

228.9 

206.1 

68 

273.6 

246.2 

28 

318.1 

286.4 

88 

362.7 

336.8 

48 

407.2 

366.7 

09 

229.6 

206.8 

69 

274.2 

246.9 

29 

318.8 

287.1 

89 

363.4 

327.2 

49 

408.0 

367.4 

10 

230.4 

207.4 

70 

275.0 

247.6 

30 

319.8 

287.7 

90 

364.1 

327.9 

60 

408.7 

368.0 

mr 

231.1 

208.1 

"STT 

276.7 

248.3 

laT 

320.3 

kO 

491 

IflirF 

328.6 
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409.6 

3te.7 

12 

231.9 

208.8 

72 

276.6 

248.9 

32 

321.0 

289.  "1 

92 

366.8 

329.2 

52 

410.2 

369.4 

13 

232.6 

209.4 

73 

277.2 

249.6 

33 

321.8 

289.7 

93 

366.4 

329.9 

63 

411.0 

370.0 

H 

233.3 

210.1 

74 

277.9 

260.3 

34 

322.5 

290.4 

94 

367.1 

330.6 

64 

411.7 

370.7 

16 

234.1 

210.8 

75 

278.7 

260.9 

36 

323.3 

291.1 

96 

367.9 

331.3 

65 

412.4 

371.4 

16 

234.8 

211.6 

76 

279.4 

261.6 

86 

324.0 

291.7 

96 

388.6 

331.9 

66 

413.2 

872.0 

17 

236.6 

212,1 

77 

280.2 

252.3 

37 

324.8 

97 

369.3 

332.6 

67 

413.9 

372.7 

18 

236.3 

212.8 

78 

280.9 

262.0 

38 

326.5 

293!  1 

98 

370.1 

333.3 

68 

414.7 

378.4 

10 

237.1 

213.6 

79 

281.7 

263.6 

39 

326.2 

293.8 

99 
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333.9 

60 

415.4 

374.1 

20 

237.8 

214.1 

80 

282.4 

264.3 

40 

327.0 

294.4 

500 
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60 

416.2 

374.7 

■jsr 
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214.8 
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264.9 

441 
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336.3 

MT 

416.9 

376.4 

22 

239.3 

215.6 

82 

283.9 

265.6 

42 

328.6 

295.8 

02 
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336.9 

62 

417.6 

376.1 

28 

240.0 

216.1 

83 

284.6 

268.3 

43 

329.2 

298.4 

03 

373.8 

336.6 

63 

418.4 

376.7 

24 

240.8 

216.8 

84 

286.4 

267. 0 

44 

330.0 

297.1 

04 

374.6 

337.2 

64 

419.1 

377.4 

28 

241.5 

217.5 

86 

286.1 

267.6 

46 

330.7 

297.8 

06 

376.3 

337.9 

65 

419.9 

378 

28 

242.3 

218.1 

86 

286.9 

268.3 

46 

331.4 

298.4 

06 

376.0 

338.6 

66 

420.6 

378 

27 

243.0 

218.8 

87 

287.6 

269.0 

47 

'332.2 

299.1 

07 

376.8 

339.3 

67 

421.4 

379 

28 

243.8 

219.5 

86 

288.3 

269.6 

48 

332.9 

299.8 

06 

377.6 

339.9 

68 

422.1 

380 

29 

244.6 

220.1 

89 

289.1 

280.8 

49 

333.7 

300.4 

09 

378.3 

340.6 

69 

422.8 

380 

30 

246.2 

220.8 

90 

280.8 

261.0 

60 

334,4 

301.1 

10 

379.0 

341.3 

70 

423.6 
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290.6 
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~m 
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424.3 

■382 

T 

32 

246.7 

222.2 

92 

291.3 

282.3 

62 

336.9 

302.5 

12 

380.6 

342.6 

72 

425.1 

382 

33 

247.6 

222.8 

93 

292.1 

283.0 

63 

336.6 

303.1 

13 

881.2 

343.3 

73 

426.8 

383 

31 

248,2 

223.6 

94 

292.6 

283.6 

64 

337.4 

303.8 

14 

382.0 

343.9 

74 

428.6 

384 

36 

249.0 

224.2 

96 

293.6 

284.3 

66 

338.1 

304.6 

16 

382.7 

344.6 

75 

427.3 

384 

36 

249.7 

224.8 

96 

294.3 

286.0 

68 

338.9 

305.1 

18 

383.6 

846.3 

76 

428.0 

386 

37 

260.4 

225.5 

97 

296,0 

266.7 

67 

339.6 

305.8 

17 

384.2 

346.0 

77 

428.8 

388 

251.2 

226.2 

98 

296,8 

286.3 

68 

340.4 

306.5 

18 

384.9 

346.6 

78 

429.5 

386 

39 

251.9 

226.8 

09 

296,5 

287.0 

69 

341,1 

307.1 

19 

385.7 

347.3 

79 

430.3 

387 

40 

252.7 

227.5 
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297,3 

267.7 

60 

341.8 

307.8 

20 
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348.0 

80 
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MT 
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42 
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02 
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22 
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349.3 

82 
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43 
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03 
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63 

344.1 

309,8 

23 

360.0 

83 

433.2 

390 

44 
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230.2 

04 
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270.3 

64 

344.8 

310.6 

24 

389.4 

350.8 

84 

434.0 
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46 

266.4 

230.9 

05 

301.0 

271.0 

65 

346.6 

311,2 

25 

390.1 

361.3 

86 

434.7 
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46 
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06 
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271.7 

66 

346.3 
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26 
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86 

436.6 
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47 
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07 
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67 
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27 
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362.8 

87 

436.2 

892 

48 

258.6 

232.9 

08 

303.2 

273.0 

68 

347.8 

313.2 

28 

392.4 

353.3 

88 

437.0 

393 

49 

269.4 

09 

303.0 

273.7 

69 

348.5 

313.8 

29 

393.1 

364.0 

89 

437.7 

394 

60 

280.1 

234.2 

10 
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70 

349.3 
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30 
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90 
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T 
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12 

306.2 

276.7 

72 
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32 
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92 
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63 
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13 
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276.4 

73 

351.6 

318.6 

33 

396.1 

366.8 

93 

440.7 

396 

64 
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14 

307.7 
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74 
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317.2 

34 
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94 
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66 
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16 
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86 
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95 
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16 

309.1 
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98 
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398 

67 
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238.9 

17 

309.9 
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77 

354.5 

319.2 

37 

399.1 

359.3 

97 

443.7 

399 

68 

266.0 

239.6 

18 

310.6 

270.7 

78 

365.2 

319.9 

38 

309.8 

380.0 

98 

444.4 

400 

69 

266.8 

240.2 

19 

311.4 

280.4 

79 

366.0 

320.6 

39 

400.6 

380.6 

90 

446.2 

400 

6 

60 
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TABLE  3. 

XHfferoioe  o(  Latitude  wid  DepMtare  for  43»  (IS?",  223",  an"). 

DIM. 

Lkt 

»«p. 

DImL 

IaL 

Dep. 

DM. 

IaL 

Dep. 

DIM. 

UL 

Dep. 

DUL 

lAt 

1X9. 

1 

0.7 

0.7 

ei 

44.6 

41.6 

121 

88.5 

82.6 

181 

132.4 

123.4 

241 

178.3 

1M.4 

2 

1.5 

1.4 

62 

46.3 

42.3 

22 

89. 2 

83.2 

62 

133.1 

124.1 

42 

177.0 

166.0 

3 

2.2 

2.0 

63 

46-1 

43.0 

23 

90.0 

83.9 

83 

133.8 

124.8 

43 

177.7 

166.7 

4 

2.9 

2.7 

64 

46.8 

43.6 

24 

90.7 

84.6 

84 

134.8 

126.6 

44 

178.6 

166.4 

B 

3.7 

3.4 

66 

47.5 

44.3 

26 

91.4 

85.2 

85 

135.3 

126.2 

46 

179.2 

167.1 

e 

4.4 

4.1 

66 

48.3 

45.0 

26 

92.2 

85.9 

86 

136.0 

126.9 

46 

179.9 

167.8 

7 

6.1 

4.8 

67 

49.0 

45.7 

27 

92.9 

86.6 

87 

136.8 

127.5 

47 

180.8 

168^  S 

8 

6.9 

5.6 

68 

49.7 

46.4 

28 

93.6 

87.3 

137.6 

128.2 

48 

181.4 

160.1 

9 

6.6 

6.1 

69 

50.5 

47.1 

29 

»4.3 

88.0 

89 

138.2 

128.9 

49 

182.1 

169.8 

10 

7.3 

6.8 

70 

61.2 

47.7 

30 

96.1 

88.7 

90 

139.0 

129,6 

50 

182.8 

170.6 

11 

8.0 

~7:t 

~ir 

61.9 

48.4 

¥ 

«>.8 

80.3 

i9r 

139.7 

130.3 

■sr 

188.6 

TtTT 

12 

8.8 

8.2 

72 

62.7 

49.1 

96.5 

90,0 

02 

140.4 

13a  0 

52 

184.3 

171,9 

18 

9.5 

8.9 

73 

63.4 

49.8 

33 

97.3 

90.7 

93 

141.2 

181.6 

53 

185.0 

172.5 

14 

10.2 

ft.  6 

74 

64.1 

60.6 

34 

98.0 

91.4 

94 

141.9 

132.3 

64 

186.8 

173.2 

16 

11.0 

10.2 

76 

54.  ft 

51.1 

36 

98.7 

92.1 

96 

142.6 

133.0 

66 

186.6 

173.9 

16 

n.7 

10.9 

76 

56.6 

61.8 

36 

99.6 

92.8 

96 

143.3 

isa7 

56 

187.2 

174.6 

17 

12.4 

11.8 

77 

66.3 

52.6 

37 

100.2 

93.4 

97 

144.1 

134.4 

67 

188.0 

175.3 

18 

13.2 

12.3 

78 

57.0 

38 

100.9 

94.1 

98 

144.8 

135.0 

68 

188.7 

176.0 

19 

13.9 

13.0 

79 

57.8 

63!  9 

39 

101.7 

94.8 

99 

145.6 

136.7 

69 

189.4 

176.6 

20 

21 

14.6 

13.6 

80 

58.5 

54.6 
"SO- 

40 

102.4 
TOSTl 

95,6 
96.2 

200 

2or 

146.3 
147.0 

136.4 

60 
26r 

190.2 
190.9 

177.3 

178.  <r 

16.4 

14.  S 

~U 

59.2 

22 

16.1 

16.0 

82 

60.0 

66.9 

42 

103.9 

96,8 

02 

147.7 

137.8 

62 

191.6 

178.7 

23 

16.8 

16.7 

83 

60.7 

66.6 

43 

104.6 

97.6 

03 

148.6 

138,4 

63 

192.3 

17».4 

U 

17.6 

16.4 

84 

61.4 

67.3 

44 

toe.  3 

98.2 

04 

149.2 

139.1 

64 

193.1 

180.0 

% 

IB.  3 

17.0 

86 

62.2 

68.0 

46 

106.0 

98,9 

06 

149.0 

130.8 

66 

193.8 

ISO.  7 

26 

19.0 

17.7 

86 

62.9 

68.7 

46 

106.8 

99.6 

06 

160.7 

140,6 

66 

194.6 

181.4 

27 

19.7 

18.4 

87 

6a6 

69.8 

47 

107.5 

100.3 

07 

151.4 

141.2 

67 

195.3 

182.1 

20.6 

19.1 

SS 

64.4 

60.0 

48 

108.2 

100.9 

08 

152.1 

141.9 

68 

196.0 

182.8 

29 

21.2 

19.8 

89 

66.1 

60.7 

49 

109.0 

101.6 

09 

152.9 

142.6 

69 

196.7 

183.5 

30 

21.9 

20.6 

90 

66.8 

61.4 

50 

109.7 

102.3 

10 

153.6 

143.2 

70 

197.5 

164.1 

-ST 

-^X 

■srr 

-ftT 

66.6 

6i.l 

isr 

110.4 

103.0 

2rr 

154.8 

143.9 

■2^ 

198.2 

164.8 

32 

23.4 

21.8 

92 

67.3 

62.7 

52 

111.2 

103.7 

12 

165.0 

144.6 

72 

198.9 

185.5 

33 

24.1 

22.5 

93 

68.0 

63.4 

53 

111.9 

104.3 

13 

165.8 

145.3 

73 

199.7 

186.2 

34 

24.9 

23.2 

94 

68.7 

64.1 

54 

U2.6 

105,0 

14 

166.6 

146.9 

74 

200.4 

186.9 

35 

25.6 

23.9 

95 

69.6 

64.8 

56 

113.4 

105.7 

15 

167.2 

146.6 

■  75 

201.1 

187.6 

36 

26.  S 

24.6 

96 

70.2 

66.6 

66 

114.1 

106.4 

16 

168.0 

147.3 

76 

201.9 

188.2 

37 

27.1 

25.2 

97 

70.9 

66.2 

57 

114.8 

107.1 

17 

168.7 

148.0 

77 

202.6 

188.9 

38 

27.8 

25.9 

9B 

71.7 

66.8 

58 

116.8 

107.8 

18 

169.4 

148.7 

78 

203.3 

189.6 

39 

28.6 

26.6 

99 

72.4 

67.6 

69 

116.3 

108.4 

19 

160.2 

149.4 

79 

204.0 

190.3 

40 

29.3 

27.3 

100 

73.1 

68.2 

60 

117.0 

109,1 

20 

160.9 

150.0 

80 

204.8 

191.0 

-r 

■■34.0- 

^e:o 

Tor 

-mr 

68.9 

mr 

Trrr 

109.8 

22r 

TeO" 

16077 

■^r 

206.6' 

191.8 

42 

80.7 

28.6 

02 

74.6 

69.6 

62 

118.6 

110,6 

22 

162.4 

161.4 

82 

206.2 

192.8 

43 

31.4 

29.3 

03 

76.3 

70.2 

63 

119.2 

111.2 

163.1 

152.1 

83 

207.0 

193.0 

44 

32.2 

30.0 

04 

76.1 

70.9 

64 

119.9 

111.  a 

24 

163.8 

152.8 

84 

207.7 

193.7 

46 

32.9 

30.7 

05 

76.8 

71.6 

66 

120.7 

112. 5 

25 

164.6 

163.4 

86 

208.4 

I»4.4 

46 

33.6 

31,4 

06 

77.6 

72.3 

66 

121.4 

113.2 

26 

165.3 

154.1 

86 

209.2 

195.1 

47 

34.4 

32.1 

07 

78.3 

73.0 

67 

122.1 

113.9 

27 

166.0 

154.8 

87 

209.9 

195.7 

48 

35.1 

32.7 

08 

79.0 

73.7 

68 

122.9 

114.6 

28 

166.7 

166.6 

88 

210.6 

196.4 

4» 

36.8 

33.4 

09 

79.7 

74.3 

69 

123.6 

116.3 

29 

167.5 

156.2 

211.4 

197.1 

60 

36.6 

34.1 

10 

80.4 

76.0 

70 

124.3 

115.9 

30 

168.2 

166.9 

90 

212.1 

197.8 

"sT 

-87:t 

■34T 

UT 

-8172- 

"tO- 

171 

-mr 

116.6 

^T 

168,9 

16776 

■29r 

212.8 

198:^ 

52 

38.0 

35.6 

12 

81.9 

76.4 

72 

125.8 

117.3 

32 

169,7 

168.2 

92 

213.6 

199.1 

63 

36.8 

36.1 

13 

82.6 

77.1 

73 

126.6 

118.0 

33 

170.4 

168.9 

214.3 

199,8 

64 

39.5 

36.8 

14 

88.4 

77.7 

74 

127,3 

118.7 

34 

171.1 

169.6 

94 

216.0 

200.5 

65 

40,2 

37.6 

16 

84.1 

78.4 

75 

128.0 

119.3 

36 

171.9 

160.3 

96 

215.7 

201.2 

66 

41.0 

38.2 

16 

84.8 

79.1 

76 

128.7 

120.0 

36 

172.6 

161.0 

96 

216.6 

201,9 

57 

41.7 

38.9 

17 

86.6 

79.8 

77 

129.4 

120.7 

37 

173.3 

161.6 

97 

217.2 

202.6 

68 

42.4 

39.6 

18 

86.3 

80.6 

78 

130.2 

121.4 

38 

174.1 

162.3 

98 

217.9 

20S.2 

59 

43.1 

40.2 

19 

87.0 

SI.  2 

79 

130.9 

122.1 

39 

174.8 

163.0 

99 

218.7 

20S.9 

60 

43.9 

40.9 

20 

87.8 

81.8 

80 

131.6 

122.8 

40 

175.5 

163.7 

300 

219.4 

904.6 

DUt. 

D.p. 

Lat. 

DW. 

Dtp. 

I*t. 

Clrt. 

D«p. 

LmX. 

w«r 

D^ 

Ut. 

DtaT 

Dep. 

LM. 
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TABLE  9.                                        [Puge  617 

Diffetence  of  latittide  uid  Deputore  for  43"  (137°,  223",  317') . 

DM. 

Lat. 

D«p. 

DM. 

l*t. 

D«p. 

DM. 

lAt 

Vop. 

DM. 

Ut 

D«^ 

DIM. 

ut 

D«p. 

301 

220.1 

206.8 

361 

264.0 

246.2 

421 

807.9 

287.1 

481 

361.8 

328.1 

541 

395.7 

369.0 

02 

2209 

206.0 

62 

264.8 

246.9 

22 

306.6 

287.8 

82 

352.5 

328.7 

42 

896.4 

369.7 

03 

221.6 

206.7 

63 

266.6 

247.6 

23 

309.4 

288.6 

83 

368.2 

329.4 

43 

397.1 

870.3 

04 

222.3 

207.3 

64 

266.2 

248.3 

24 

310.1 

289.2 

84 

364.0 

330.1 

44 

397.9 

371,0 

06 

223.1 

208.0 

66 

267.0 

248.9 

25 

310.8 

28B.0 

85 

354.7 

330.8 

45 

398.6 

371.7 

06 

223.8 

208.7 

66 

367.7 

249.6 

26 

311.6 

290.5 

86 

355.4 

331.4 

46 

399.3 

872.4 

07 

224.6 

209.4 

67 

268.4 

26013 

27 

312.3 

291.2 

87 

356.2 

332.1 

47 

400.1 

373.1 

06 

228.3 

210.1 

68 

289.1 

261.0 

28 

818.0 

291.  B 

366.6 

332.8 

48 

400.8 

373.7 

09 

228.0 

210.7 

69 

269.9 

261.7 

29 

313.8 

292.6 

867.7 

383,5 

49 

401.5 

374.4 

10 

226.7 

211.4 

70 

270.6 

262.3 

30 

314.6 

263.3 

90 

368.4 

334.2 

50 

402.2 

376.1 

311 

227.6 

212.1 

371 

271.3 

263.0 

43r 

316.2 

293.6 

491 

359.1 

384.9 

561 

403.0 

"37578 

12 

228.2 

212.8 

72 

272.1 

263.7 

32 

316.0 

294.6 

92 

359.8 

386.5 

52 

408.7 

378.6 

13 

228.  B 

213.5 

73 

272.8 

254.4 

33 

316.7 

295.3 

93 

336.2 

63 

404.4 

377.1 

14 

229.7 

214. 2 

74 

273.6 

256.1 

34 

317.4 

296.0 

64 

361^  3 

338.6 

54 

406.2 

377.8 

16 

230.4 

214.8 

76 

274.3 

266.8 

36 

318.1 

296.7 

96 

362.0 

337.6 

66 

406.9 

378.6 

16 

231.1 

216.5 

76 

276.0 

256.4 

36 

318.9 

297.4 

96 

362.8 

338.3 

66 

406.6 

379.2 

17 

231.8 

216.2 

77 

275.7 

267.1 

37 

319.6 

298.0 

97 

368.6 

838.6 

57 

407.4 

379.9 

18 

232.6 

216.9 

78 

276.5 

267.8 

38 

320.3 

298.7 

68 

364.2 

339.6 

68 

408.1 

380.6 

19 

233.3 

217.6 

79 

277.2 

258.5 

39 

321.1 

296.4 

69 

364.6 

340.3 

66 

408.8 

381.2 

20 

234.0 

218.2 

80 

277.  B 

25B.2 

40 

321.8 

300.1 

600 

365.7 

841.0 

60 

40B.6 

381.9 

-m- 

234.8 

218.9 

"SST 

278.7 

269.8 

441 

322.6 

3O0.8 

501 

366.4 

341.7 

"66r 

410.8 

382.6 

28 

236.6 

219.6 

82 

279.4 

260.6 

42 

323.3 

301.4 

02 

367.1 

342.4 

62 

411.0 

383.3 

23 

236.2 

220.3 

83 

280.1 

261.2 

43 

324.0 

302.1 

03 

367.8 

843.0 

68 

411.8 

384.0 

24 

237.0 

221.0 

84 

280.8 

281.9 

44 

324.7 

302.8 

04 

368.6 

343.7 

64 

412.6 

384.6 

25 

287.7 

221.7 

85 

281.6 

262.6 

46 

326.6 

308.6 

05 

369.3 

344.4 

66 

413.2 

385.3 

26 

238.4 

222.3 

86 

282.3 

263.3 

48 

326.2 

304.2 

oe 

370.0 

848.1 

66 

414.0 

386.0 

27 

239.2 

223.0 

87 

283.0 

263.9 

47 

326.9 

304.9 

07 

370.8 

346.8 

67 

414.7 

386.7 

28 

239.9 

223.7 

88 

283.  7 

264.6 

48 

327.7 

305.5 

08 

371.6 

346.5 

68 

415.4 

387.4 

29 

240.6 

224.4 

89 

284.6 

266.3 

.40 

828.4 

306.2 

09 

372.8 

847.1 

69 

416.2 

388.1 

30 

241.4 

326.1 

90 

285.2 

266.0 

50 

329.1 

306.9 

10 

373.0 

347.8 

70 

416.6 

388.7 

■SST 

242.1 

226.7 

soT 

286.0 

26677 

46r 

329.9 

307.6 

STT 

373.8 

348.5 

stT 

417.6 

380.4 

32 

242.8 

226.4 

92 

286.7 

267.3 

52 

330.6 

308.3 

12 

374.8 

849.2 

72 

418.3 

390.1 

33 

243.6 

227.1 

93 

287.4 

268.0 

63 

381.3 

809.0 

13 

375.2 

349.9 

73 

419.1 

390.8 

34 

244.3 

227.8 

94 

288.2 

268.7 

64 

332.1 

309.6 

14 

376.0 

350.6 

74 

419.8 

391.6 

35 

246.0 

228.5 

96 

288.9 

269.4 

65 

332.8 

310.3 

16 

376.6 

361.2 

75 

420.5 

392.2 

36 

246.7 

229.2 

96 

289.6 

270.1 

66 

333.5 

811.0 

16 

377.4 

861.9 

76 

421.8 

392.8 

37 

246.5 

229.8 

97 

290.4 

270.8 

57 

311,7 

17 

378.2 

352.6 

77 

422.0 

893.6 

38 

247.2 

230.5 

98 

291.1 

271.4 

68 

335!  0 

812.4 

18 

378.9 

353.3 

78 

422.7 

3W.2 

39 

247.9 

231.2 

99 

291.8 

272.1 

69 

335.7 

813.0 

19 

379.6 

354.0 

79 

423.6 

894.6 

40 

248.7 

231.8 

400 

292.6 

272.8 

60 

336.5 

313.7 

20 

380.3 

354.6 

80 

424.2 

896.6 

"Sir 

249.4 

ao 

«r 

293.3 

273.5 

46r 

337.2 

314.4 

kT 

381.1 

35673 

58r 

424.9 

396.2 

42 

260.1 

233.2 

02 

294.0 

274.2 

337.9 

816.1 

22 

381.8 

856.0 

82 

425.7 

396.6 

43 

250.  g 

233.0 

03 

294.7 

274.9 

63 

315.8 

23 

366.7 

426.4 

397.6 

44 

261.6 

234.6 

04 

2B6.6 

276.5 

64 

339.4 

316.5 

24 

383.3 

357.4 

84 

427.1 

398.3 

4S 

262.3 

236.3 

06 

2B6.2 

276.2 

66 

840.1 

317.1 

26 

368.1 

86 

427.9 

366. 0 

46 

253.1 

236.0 

06 

296.9 

276.9 

66 

340.8 

317.8 

384!  7 

358.7 

86 

428.6 

399.6 

47 

253.8 

236.7 

07 

297.7 

277.6 

67 

341.6 

318.6 

27 

385.5 

359.4 

87 

429.3 

400.3 

48 

264.6 

237.3 

08 

2Be.4 

278.3 

68 

342.3 

319.2 

28 

386.2 

360.1 

88 

430.1 

401.0 

49 

256.3 

238.0 

09 

299.1 

278.9 

69 

343.0 

319.9 

26 

386.6 

360.8 

89 

430.8 

401.7 

60 

266.0 

238.7 

10 

299.9 

279.6 

70 

343.7 

320.5 

30 

387.6 

361.6 

90 

431.6 

402.4 

IsT 

256.7 

^974 

"4ir 

300.6 

280.3 

344.5 

"32172 

53r 

388.4 

362.1 

59r 

432.3 

■4ra7r 

62 

267.4 

240.1 

12 

301.3 

281.0 

72 

346.2 

321.6 

32 

389.1 

362.8 

92 

433.0 

403.7 

63 

268.2 

240.8 

13 

302.1 

281.7 

73 

346.9 

322.6 

33 

389.9 

363.5 

63 

433.7 

404.4 

54 

268.9 

241.4 

14 

302.8 

282.4 

74 

848.7 

823.8 

34 

860.6 

361.2 

94 

484.5 

405.1 

66 

269.6 

242.1 

16 

303.5 

283.0 

76 

347.4 

324,0 

36 

391.3 

364.9 

95 

435.2 

405.8 

66 

260.4 

242.8 

16 

304.3 

283.7 

76 

346.1 

324.6 

36 

392.0 

96 

435.9 

406.5 

57 

261.1 

243.5 

17 

306.0 

284.4 

77 

848.9 

87 

392.8 

866.2 

97 

436.7 

407.2 

es 

261.8 

244.2 

18 

305.7 

286.1 

78 

349.6 

326.0 

38 

393.6 

366.6 

98 

437.4 

407.8 

69 

282.6 

244.8 

19 

306.4 

286.8 

7B 

360.3 

326.7 

36 

394.2 

367.6 

99 

438.1 

408.6 

eo 

283.3 

245.6 

20 

807.2 

286.4 

80 

361.1 

827.4 

40 

894.9 

368.8 

600 

438.8 

409.2 

DM. 

iwp. 

Ut. 

Dirt. 

D«p. 

L«t 

DM. 

Dep. 

Ut 

DM. 

Dep. 

Ut 

Dirt. 

Dep. 

Ut 
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Page  618]                                         TABT.R  3. 

ntference  of  UtdtoAe  and  Depwtara  for  44°  (186",  3SV,  SW). 

Via. 

Ut. 

Dop. 

Dlft 

LM. 

Dep. 

Dl«. 

I*L 

D.P. 

Dlw. 

L«(. 

Dep. 

DIM. 

Lat 

D«^ 

1 
2 
3 
4 

e 

6 
7 
8 
9 
0 

0.7 
1.4 
2.2 
2.9 
8.6 
4.3 
5.0 
5.8 
6.6 
7.2 

0.7 
1.4 
2.1 
2.8 
3.5 
4.2 
4.9 
6.6 
6.3 
6.9 

61 
62 

64 
65 
66 

67 
68 
69 
70 

43.9 
44.6 
46.3 
46.0 
46.8 
47.5 
48.2 
48.9 
49.6 
50.4 

42.4 
43.1 
43.8 
44.5 
45.2 
46.8 
46.6 
47.2 
47.9 
48.6 

121 
22 
23 
24 
26 
26 
27 
28 
29 
30 

.  87.0 
87.8 
88.5 
69.2 
89.9 
90.6 
91.4 
92.1 
92.8 
93.6 

84.1 
84.7 
86.4 
86.1 
86.8 
87.5 
88.2 
88.9 
89.6 
90.3 

181 
82 
83 
84 
86 
86 
87 
88 
89 
90 

130.2 
130.9 
131.6 
132.4 
133.1 
133.8 
134.5 
136.2 
136.0 
136.7 

125.7 
126.4 
127.1 
127.8 
128.5 
129.2 
129.9 
130.6 
131.3 
132.0 

241 
42 
43 
44 

45 
46 
47 
48 
49 
60 

173.4 
174.1 
174.8 
176.6 
176.2 
177.0 
177.7 
178.4 
179.1 
170.8 

167.4 

la&i 

166.8 
169.5 
170.2 
17a  9 
171.6 
172.3 
173.0 
173.7 

2 
13 
14 
16 
16 
17 
18 
19 
20 

8.6 
9.4 
10.1 
10.8 
11.5 
12.2 
12.0 
IS.  7 
14.4 

8.3 
9.0 
9.7 
10.4 
11. 1 
11.8 
12.5 
13.2 
13.9 

72 
73 
74 
75 
76 
77 
78 
79 
80 

51.8 
52.5 
63.2 
64.0 
54.7 
66.4 
66.1 
66.8 
57.5 

60.0 
60.7 
61.4 
62.1 
62.8 
53.5 
64.2 
64.9 
65.6 

32 
33 
34 
35 
36 
37 
38 
39 
40 

96.0 
96.7 
06.4 
97.1 
97.8 
08.6 
09.3 
100.0 
100.7 

91.7 
92.4 
93.1 
93.8 
94.5 
96.2 
95.9 
96.6 
97.3 

92 
93 
94 
96 
96 
97 
98 
99 
200 

138. 1 
138.8 
130.6 
140.3 
141.0 
141.7 
142.4 
148.1 
143.9 

132.7 
133.4 
134.1 
134.8 
136.5 
136.2 
136.8 
137.5 
188.2 
138.9 

251 
62 
63 
64 
66 
56 
67 
68 
60 
60 

180.6 
181.3 
182.0 
182.7 
183.4 
184.2 
184.9 
186.  e 
186.3 
187.0 

174.4 
176.1 
176.7 
176.4 
177.1 
177.8 
178.6 
179.2 
170.9 
180.6 

21 

i 

24 
2G 
26 
27 
28 
20 
30 

15.1 
15.8 
16.6 
17,3 
18.0 
18.7 
19.4 
20.1 
20.9 
21.6 

15.  S 
16.0 
16.7 
17.4 
18.1 
18.8 
19.6 
20.1 
20.8 

81 
82 
83 
84 
86 
86 
87 
88 
89 
90 

68.3 
69.0 
59.7 
60.4 
61.1 
61.9 
62.6 
63.8 
64.0 
64.7 

66.3 
67.0 
57.7 
68.4 
59.0 
69.7 
BO.  4 
61.1 
61.8 
62.5 

141 
42 
43 
44 
45 
46 
47 
48 
49 
60 

101.4 
102.1 
102.9 
103.6 
104.3 
106.0 
106.7 
106.6 
107.2 
107.9 

97.9 
98.6 
99.3 
100.0 
100.7 
101.4 
102.1 
102.8 
103.6 
104.2 

201 
02 
03 
M 
06 
06 
07 

oe 

09 
10 

144.6 
145.3 
146.0 
146.7 
147.5 
148.2 
148.9 
149.6 
150.3 
161.1 

139.6 
140.3 
141.0 
141.7 
142.4 
143.1 
143.8 
144.6 
146.2 
146.9 

261 
62 
63 
64 
65 
66 
67 
68 
68 
70 

187.7 
188.5 
189.2 
189.9 
190.6 
191.3 
192.1 
192.8 
193.5 
194.2 

181.3 
182.0 
182.7 
183.4 
184.1 
184.8 
186.5 
186.2 
186.9 
187.6 

31 
32 
33 
34 
3S 
86 
37 
38 
39 
40 

-4r 

42 
43 
44 

46 
46 

47 
48 
49 
60 

~w 

52 
63 
64 
56 
56 
67 
68 
59 
60 

22.3 
23.0 
23.7 
24.6 
26.2 
26.9 
26.6 
27.3 
28. 1 
28.8 
29.5 
30.2 
30.9 
31.7 
32.4 
33.1 
33.  B 
34.6 
35.2 
36.0 
86.7 
37.4 
38.1 
38.  S 
39.6 
40.3 
41.0 
41.7 
42.4 
48.2 

21.6 
22.2 
22.9 
23.6 
24.3 
26.0 
26.7 
26.4 
27.1 
27.8 
28. 6 
29,2 
29.9 
30.6 
31.3 
32.0 
32.6 
33.3 
34.0 
34.7 
36.4 
36.1 
36.8 
37.5 
38.2 
38. 0 
39.6 
40.3 
41.0 
41.7 

91 
92 
93 
94 
96 
96 
97 
98 

100 

101 
02 
03 
04 
05 
06 
07 
08 
09 
10 

uT 
12 
13 
14 
16 
16 
17 
18 
19 
20 

66.2 
66.9 
67.6 
68.3 
68.1 
69.8 
70.6 
71.2 
71.9 
72.7 
73.4 
74.1 
74.8 
76.8 
76.3 
77.0 
77.7 
78,4 
79.1 
79.8 
80.6 
81.3 
82.0 
82.7 
83.4 
84.2 
84.9 
85.6 
86.3 

63.9 
64.6 
85.3 
66.0 
66.7 
67.4 
68.1 
68,8 
69.6 
70.2 
70.9 
71.6 
72.2 
72.9 
73.6 
74.8 
75.0 
75.7 
76.4 
77.1 
77.6 
78.5 
79.2 
79.9 
80.6 
81.3 
82.0 
82.7 
83.4 

151 
62 
63 
54 
65 
66 
57 
68 
59 
60 

m" 

62 
63 
64 

65 

ae 

67 
88 
69 
70 
171 
72 
73 
74 
76 
76 
77 
78 
79 
80 

108.8 
109.8 
110.1 
110.8 
111.5 
112.2 
112.9 
118.7 
114.4 
116.1 
116.8 
116.6 
117.3 
118.0 
118.7 
119.4 
120.1 
120.8 
121.6 
122.3 
123.0 
123.7 
124.4 
125.2 
126.9 
126.6 
127.3 
128.0 
128.8 
129.5 

104.9 
105.6 
106.3 
107.0 
107.7 
108.4 
109.1 
109.8 
110.5 
111.1 

Tin 

112.5 
113.2 
113.9 
114.6 
116,3 
116.0 
116.7 
117.4 
118.1 
118.  8 
119.6 
120.2 
120.9 
121.6 
122.3 
123.0 
123.6 
124.3 
126.0 

211 
12 
13 
14 
16 
16 
17 
18 
19 
20 

^r 

22 
23 
24 
26 
28 
27 

29 
30 

'm' 

33 
34 
36 
36 
37 
38 
39 
40 

151.8 
152.6 
153.2 
163.9 
164.7 
165.4 
166.1 
166.8 
167.5 
168.3 
169X 
169.7 
160.4 
181.1 
161.9 
162.6 
163.3 
164.0 
164,7 
165.4 
166.2 
166,9 
167,6 
168,3 
169.0 
169.8 
170.5 
171.2 
171.9- 
172.6 

146.6 
147.3 
148.0 
148.7 
149.4 
160.0 
160.7 
161.4 
152.1 
152.8 
163T 
154.2 
154.9 
166.6 
166.3 
167.0 
167.7 
168.4 
159.1 
169.8 
160.6 
161.2 
161.9 
162.6 
183,2 
163.9 
164.6 
166.3 
166.0 
166.7 

271 
72 
73 
74 
76 
76 
77 
78 
79 
80 

281 
82 
83 
84 
85 
86 
87 
S3 

90 
291 
92 
93 
94 
96 
96 
97 
98 
99 
300 

194.9 
196.7 
196.4 
197.1 
J97.8 
198.5 
199.3 
200.0 
200.7 
201.4 
202.1 
202.9 
203.6 
204.3 
205.0 
206.7 
206.6 
207.2 
207,9 
2(8,6 
209.3 
210,0 
210.8 
211.6 
212.2 
212.9 
213.6 
214.4 
216.1 
216.8 

188.3 
1S&9 
189.6 
190,3 
191.0 
191.7 
192.4 
103.1 
193,8 
194.6 
196.2 
196.0 
196.6 
197.3 
198.0 
198.7 
199.4 
200.1 
200.8 
201.6 

202:  i- 

202.8 
203.6 
204.2 
204.9 
205,6 
206,3 
207.0 
207.7 
206.4 

DM. 

Dep. 

I«t. 

DUt. 

Dep. 

I^L 

DUt. 

D«p. 

Lat. 

Dirt. 

D^ 

L*t. 

Dirt. 

Dep. 

ut 

46°  (i34",  226=,  314").                                                                 1 

ijGoogle 


TABLE  2.                                        \rmge  619 

IMftereDoe  of  Latitiide  and  Departure  for  W  (136°,  224°,  318«). 

DM. 

lAL 

Dep. 

tan. 

L>t. 

Dep- 

DM. 

IM. 

D^ 

DM. 

LU. 

Dep. 

DM. 

L*t. 

Dep 

301 

216.6 

200.1 

361 

269.7 

260.8 

421 

302.8 

202.6 

481 

346.0 

334.1 

641 

389.2 

375. 

02 

217.2 

200.8 

62 

260.4 

251.6 

22 

303.6 

293,2 

82 

346.7 

334.8 

42 

389.9 

376. 

03 

218.0 

210.6 

63 

261.1 

252.2 

28 

304.3 

293.8 

83 

347.4 

335.5 

43 

390.8 

377. 

04 

218.7 

211.2 

64 

261.8 

252.9 

24 

306.0 

204.6 

84 

348.2 

336.2 

44 

391.3 

377, 

06 

219.4 

211.9 

66 

262.6 

263.6 

26 

306.7 

295.2 

86 

348,9 

336.0 

46 

392.0 

378. 

06 

220.1 

312.6 

66 

263.3 

254.3 

26 

306.4 

295.9 

86 

349,6 

337.6 

46 

392.8 

379. 

07 

220.8 

213.3 

67 

264.0 

254.9 

27 

307.2 

296.6 

87 

350,3 

338. 3 

47 

393.6 

380. 

08 

221.6 

214.0 

68 

264.7 

266.6 

28 

307.9 

297.3 

88 

35t.0 

330.0 

48 

394.2 

380, 

00 

222.3 

3U.7 

69 

266.4 

256.3 

29 

308.6 

298.0 

89 

351.7 

339.7 

49 

394.9 

381. 

10 

223.0 

215.4 

70 

266.2 

257.0 

30 

309.3 

298.7 

00 

362.5 

340.4 

60 

305.6 

382. 

Sll 

223.7 

216.0 

^mr 

266.9 

25/7 

43r 

310.0 

290.4 

401 

363.2 

341.1 

65r 

306.4 

382. 

12 

224.4 

216.7 

72 

267.6 

268.4 

32 

310.8 

300.1 

92 

353.9 

341.8 

62 

397.1 

383. 

13 

226.2 

217.4 

73 

268.3 

259.1 

33 

311.5 

300,8 

354.6 

342.5 

53 

397.8 

384. 

14 

225.9 

218.1 

74 

269.0 

260.8 

34 

312.2 

301.6 

94 

356.3 

343.2 

64 

398.5 

384. 

16 

226.6 

218.8 

76 

269.8 

260.6 

35 

312.9 

302.2 

95 

356.1 

343.9 

66 

300.2 

385. 

16 

227.3 

219.5 

76 

270.5 

261.2 

36 

313.6 

302,9 

96 

366.8 

344.6 

56 

400.0 

386. 

17 

228.0 

220.2 

77 

271.3 

261.9 

37 

314.4 

303.6 

97 

367.6 

346.2 

67 

400.7 

386. 

18 

228.8 

220.0 

78 

271.9 

38 

316.1 

304.3 

98 

368.2 

346.9 

68 

401.4 

387. 

19 

229.6 

221.6 

79 

272.6 

263.3 

39 

315.8 

305.0 

99 

368.9 

346.6 

59 

402.1 

388. 

20  1  230.2 

222.3 

80 

273.4 

264.0 

40 

316.5 

305.7 

600 

369.7 

347.3 

60 

402.8 

-mr 

230.9 

223.0 

38r 

274.1 

264.7 

441 

317. 2" 

306,4 

mT 

360.4 

348.0 

eoT 

403.6 

"3897 

22 

231.6 

223.7 

82 

274.8 

286.4 

42 

318.0 

307.0 

02 

361.1 

348.7 

62 

404.3 

390. 

23 

232.3 

224.4 

83 

275.6 

286.1 

43 

318.7 

307.7 

OS 

361.8 

349.4 

63 

405.0 

301. 

24 

233.1 

225.1 

84 

276.2 

266.8 

44 

310.4 

308.4 

04 

362.5 

360.1 

64 

405,7 

391. 

26 

233.8 

226.8 

86 

276.9 

267.5 

45 

320.1 

309.1 

06 

363.3 

350.8 

66 

406,4 

392. 

26 

234.6 

226.5 

86 

277.7 

268.1 

46 

320.8 

309.8 

06 

364,0 

351.5 

66 

407,2 

303. 

27 

235.2 

227.2 

87 

278.4 

288.8 

47 

321.6 

310.6 

07 

364,7 

352.2 

67 

407,9 

303. 

28 

236.9 

227.9 

279.1 

269.5 

48 

322.3 

311.2 

08 

366,4 

362.9 

68 

408.6 

394. 

29 

236.7 

228.6 

89 

279.8 

270.2 

49 

311.9 

09 

366.1 

363.6 

89 

409.3 

305. 

80 

237.4 

229.2 

00 

280.5 

270.9 

60 

323.7 

312.6 

10 

366.9 

354.3 

70 

410.0 

306. 

MT 

238.1 

229.0 

MT 

281.3 

271.6 

«r 

324.4 

313.3 

"sTT 

367.6 

356.0 

"67r 

410.7 

396. 

32 

238.8 

230.6 

92 

282.0 

272.3 

52 

326.2 

314,0 

12 

368.3 

355.7 

72 

411.5 

397, 

33 

239.5 

231.3 

03 

282.7 

273.0 

53 

326.9 

814.7 

13 

369.0 

366.4 

73 

412.2 

398, 

34 

240.3 

232.0 

04 

283.4 

273.7 

64 

326.6 

316.4 

14 

360.7 

357.1 

74 

412.0 

398. 

36 

241.0 

232.7 

96 

284,1 

274.4 

55 

327.3 

316.1 

15 

370.6 

367.8 

76 

413. 6 

309. 

36 

241.7 

233.4 

96 

284.9 

276.1 

66 

328.0 

316.8 

16 

871.2 

358.4 

76 

414.3 

400, 

37 

242.4 

234.1 

97 

286.6 

276.8 

67 

328.7 

317.6 

17 

371.9 

369.1 

77 

415.1 

400. 

3S 

243.1 

234.8 

98 

286.3 

276.6 

58 

329.6 

318.2 

18 

372.6 

359.8 

78 

416.8 

401. 

39 

243.9 

285.5 

99 

287.0 

277.2 

69 

330.2 

318.9 

19 

373.3 

360.6 

79 

416,6 

402. 

40 

244.6 

236.2 

400 

287.7 

277.9 

60 

330.0 

319.6 

20 

374.1 

361.2 

SO 

417.2 

402. 

34r 

245.3 

236.9 

4or 

288.6 

278.6 

46r 

331.6 

320.2 

52r 

374,8 

361.9 

68r 

417,9 

^m: 

42 

246.0 

237.6 

02 

289.2 

279.3 

62 

332.3 

320.9 

22 

375.5 

362,6 

418,7 

404. 

43 

246.7 

238.3 

03 

280.0 

63 

333.1 

321.6 

23 

376.2 

363.3 

419.4 

406. 

44 

247.6 

230. 0 

04 

290.8 

280.7 

64 

333.8 

322.3 

24 

376.9 

364.0 

84 

420.1 

406. 

45 

248.2 

239.7 

06 

291.3 

281.3 

65 

334.5 

323.0 

26 

877,7 

364.7 

85 

420.8 

406. 

46 

248.0 

240.4 

06 

292.1 

282.0 

66 

336,2 

323.7 

26 

378.4 

366.4 

86 

421.6 

407. 

47 

249.6 

241.1 

07 

292.8 

282.7 

67 

336.9 

27 

379.1 

386.1 

87 

422.3 

407. 

48 

250.3 

241.7 

OS 

293.6 

283.4 

68 

336.7 

325.1 

28 

379.8 

366.8 

88 

423.0 

408. 

49 

261.1 

242.4 

09 

294.2 

284.1 

69 

337,4 

326.8 

29 

380.5 

367.6 

69 

423.7 

400. 

60 

261.8 

243.1 

10 

294,9 

284.8 

70 

338,1 

326.6 

30 

381.2 

368.2 

90 

424.4 

409. 

-m 

-250- 

243.8 

4ir 

296.7 

285.6 

471 

338.8 

327.2 

MT 

382.0 

368,9 

"59r 

425.1 

-no: 

52 

253.2 

244.5 

12 

296.4 

286.2 

72 

839.6 

327.9 

82 

382.7 

369.6 

92 

426,9 

411. 

63 

253.9 

246.2 

13 

297.1 

286.9 

73 

340.3 

328.6 

33 

383.4 

370.3 

93 

426.6 

411. 

54 

254.6 

245.0 

14 

297.8 

287.6 

74 

341.0 

329.3 

34 

384.1 

371.0 

94 

427.3 

412. 

65 

255.4 

246.6 

15 

208.5 

288.3 

75 

341.7 

330.0 

35 

384.6 

371.7 

95 

428,0 

413, 

66 

266.1 

247.3 

16 

299.2 

76 

342,4 

330.7 

36 

385.6 

372.4 

06 

428.7 

414. 

57 

266.8 

248.0 

17 

300.0 

289.7 

77 

343.1 

331.4 

37 

386.3 

373.1 

97 

429.5 

414. 

68 

257.6 

248.7 

18 

300.7 

290.4 

78 

343.8 

332.1 

38 

387.0 

873.7 

08 

430.2 

415. 

60 

268.2 

249.4 

19 

301.4 

291.1 

79 

344.6 

332.7 

30 

387.7 

374.4 

99 

430.9 

416. 

60 

259.0 

260.1 

20 

302.1 

201.8 

80 

345.3 

333.4 

40 

388.4 

376.1 

600 

431.6 

416. 

DM. 

]>•^ 

UL 

DM. 

D^ 

I^L 

dm! 

Dep. 

KL 

DM. 

D.P. 

Ut 

DM. 

Dep. 

Lftt 

46"  {134»,  226»,  314°). 
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TABLES.                                                           1 

DifferaDoe  <rf  Utitode  and  Departore  for  46''  (lS6->,  226°,  316«).                             1 

DhT 

LkL 

Dep. 

DW. 

It. 

Dep. 

DUt 

L«t. 

D«p. 

DIM. 

lAt. 

Dep. 

DU. 

UL 

B^ 

0.7 

0.7 

81 

43.1 

43.1 

121 

66.6 

85.6 

181 

128.0 

128.0 

241 

170.4 

17a  4 

1.4 

1.4 

82 

43.8 

43.8 

22 

86.3 

88.3 

82 

128.7 

128.7 

42 

171.1 

171.1 

2.1 

2.1 

03 

44.5 

44.5 

23 

87.0 

S7.0 

83 

129.4 

128.4 

43 

171.8 

171.8 

2.S 

2.6 

84 

46.3 

46.3 

24 

87.7 

87.7 

S4 

130.1 

130.1 

44 

172.5 

172.6 

3.5 

3.5 

66 

48.0 

48.0 

26 

88.4 

88.4 

85 

130.8 

130.8 

45 

173.2 

173.8 

4.2 

4.2 

66 

46.7 

46.7 

26 

89.1 

89.1 

88 

131.5 

131.5 

48 

173.9 

173.9 

4.9 

4.9 

67 

47.4 

47.4 

27 

89.8 

S9.6 

87 

132.2 

132.2 

47 

174.7 

174.7 

5.7 

5.7 

68 

48.1 

48.1 

28 

90.5 

90.6 

S8 

132.9 

132.9 

46 

175.4 

175.4 

6.4 

6.4 

69 

48.8 

48.8 

29 

91.2 

91.2 

89 

133.8 

133.6 

49 

178.1 

176.1 

7.1 

7.1 

70 

49.6 

49.6 

30 

91.0 

91.9 

90 

134.4 

134.4 

60 

176.8 

176.8 

7.8 

7.8 

60.2 

60.2 

131 

92.6 

92.6 

Tsr 

135.1 

135.1 

251 

177.5 

177.6 

8.5 

8.5 

72 

60.9 

60.9 

32 

93.3 

93.3 

92 

185.8 

135.  S 

52 

178.2 

178.2 

9.2 

9.2 

73 

51.6 

51.6 

33 

94.0 

94.0 

93 

136.5 

136.6 

53 

178.9 

178. 9 

9.9 

9.9 

74 

62.3 

34 

94.8 

94.8 

94 

137.2 

137.2 

54 

179.6 

179.6 

10.6 

10.6 

75 

53.0 

53!  0 

35 

96.6 

95.6 

96 

1,37.9 

137.9 

66 

180.3 

isas 

11.3 

11.3 

76 

63.7 

63.7 

36 

96.2 

96.2 

96 

138.6 

13S.6 

56 

181.0 

181. 0 

12.0 

12.0 

77 

64.4 

64.4 

37 

96.9 

98.9 

97 

139.3 

139.3 

67 

181.7 

181.7 

12.7 

12.7 

78 

56.2 

65.2 

38 

97.6 

97.6 

98 

140.0 

140.0 

58 

182.4 

182.4 

13.4 

13.4 

79 

55.9 

65.9 

39 

9S.3 

98.3 

99 

140.7 

140.7 

59 

183.1 

183.1 

20 

14.1 

14.1 

SO 

66.8 

66.6 

40 

90.0 

99.0 

200 

141.4 

141.4 
142.1 

60 
281 

183.8 

183.8 

~w 

14.8 

14.8 

SI 

67.3 

57.3 

141 

99.7 

99.7 

201 

142.1 

184.6 

^8476 

22 

16.8 

15.6 

82 

58.0 

68.0 

42 

100.4 

100.4 

02 

142.8 

142.8 

82 

186.3 

185.3 

23 

16.3 

16.3 

S3 

58.7 

68.7 

43 

101.1 

101. 1 

03 

143.5 

143.5 

63 

186.0 

186.0 

24 

17.0 

17.0 

S4 

69.4 

69.4 

44 

101.8 

101.8 

04 

144.2 

144.2 

64 

186.7 

IS6.7 

28 

17.7 

17.7 

86 

60.1 

60.1 

46 

102.6 

102.5 

06 

146.0 

145.0 

66 

187.4 

187.4 

26 

18.4 

18.4 

S6 

60.8 

60.8 

46 

103.2 

103.2 

06 

145.7 

145.7 

66 

18S.1 

188.1 

27 

19.1 

19.1 

87 

61.5 

61.5 

47 

103.9 

103.9 

07 

146.4 

146.4 

87 

188.8 

1SS.8 

28 

19.8 

19.8 

68 

62.2 

62.2 

48 

104.7 

104.7 

08 

147.1 

147.1 

68 

189.6 

189.5 

29 

20.5 

20.5 

89 

62.9 

62.9 

49 

106.4 

105.4 

00 

147.  S 

147.8 

69 

190.2 

190.8 

30 

21.2 

21.2 

90 

63.6 

83.8 

60 

1064 

106.1 

10 

148.5 

148,5 

70 

190.9 

190.9 

"ST 

21.9 

21.9 

~9r 

64.3 

84.3 

TST 

166.8 

106.8 

"2ir 

.  149. 2 

149.8 

"fTT 

191.8 

191.6 

32 

22.6 

22.6 

65.1 

65.1 

62 

107.6 

107.5 

12 

149.9 

149.9 

72 

192.3 

192.3 

38 

23.3 

23.3 

93 

66.8 

86.8 

53 

108.2 

108.2 

13 

150.6 

ISO.  6 

73 

193.0 

193.0 

34 

24.0 

24.0 

M 

66.6 

68.6 

64 

108.9 

108.9 

14 

161.3 

161.3 

74 

193.7 

193. 7 

36 

■  24.7 

24.7 

95 

67.2 

67.2 

55 

109.6 

109.6 

16 

152.0 

162.0 

76 

194.6 

194.6 

36 

25.5 

25.5 

96 

67.9 

67.9 

56 

110.3 

110.3 

16 

152.7 

162.7 

76 

195.2 

195.2 

37 

26.2 

26.2 

«7 

68.8 

68.8 

67 

111.0 

111.0 

17 

158.4 

163.4 

77 

196.9 

195.9 

38 

26.9 

26.9 

98 

69.3 

69.3 

58 

111.7 

111.7 

IS 

154.1 

154.1 

78 

196.8 

196.8 

3» 

27.6 

27.6 

99 

70.0 

70.0 

69 

112.4 

112.4 

19 

164.9 

164.9 

79 

197.3 

197.3 

40 

28.3 

28.3 

100 

70.7 

70.7 

80 

113.1 

118.1 

20 

156.6 

155.8 

80 

198.0 

198. 0 

41 

29.0 

29.0 

Tor 

71.4 

71.4 

-w 

113.8 

113.8 

i2r 

156.3 

156.3 

"mt 

198.7 

188.7 

48 

29.7 

29.7 

02 

72.1 

72.1 

62 

114.6 

114.8 

22 

157.0 

157.0 

82 

199.4 

199.4 

43 

30.4 

30.4 

03 

72.8 

72.8 

116.3 

115.3 

23 

167.7 

167.7 

83 

200.1 

200.1 

44 

31.1 

31.1 

04 

73.6 

73.5 

64 

116.0 

116.0 

24 

158.4 

158.4 

84 

200.8 

200.8 

45 

31.8 

31.  S 

06 

74.2 

74.2 

65 

116.7 

116.7 

26 

159.1 

159.1 

S5 

201.5 

201.6 

46 

32.5 

32.5 

06 

76.0 

76.0 

66 

117.4 

117.4 

26 

169.8 

169.8 

86 

202.2 

202.2 

47 

33.  S 

07 

76.7 

76.7 

67 

118.1 

118.1 

27 

160.6 

160.5 

87 

202.9 

202.9 

48 

33.9 

33.9 

08 

76.4 

76.4 

68 

11S.B 

118.8 

28 

161.2 

181.2 

88 

203.6 

203.6 

49 

84.6 

34.6 

09 

77.1 

77.1 

69 

119.5 

119. 5 

161.9 

181.9 

204.4 

204.4 

BO 

35.4 

36.4 

10 

77.8 

77.8 

70 

120.2 

120.2 

30 

162.6 

162.6 

90 

205.1 

206.1 

"ST 

36.1 

36.1 

TIT 

-5876- 

78.5 

iTT 

120.9 

120.9 

mt 

163.3 

163.3 

-mr 

205.  S 

-mrt 

62 

36.8 

36.8 

12 

79.2 

79.2 

72 

121.6 

121.8 

32 

184.0 

184.0 

92 

206.6 

206.6 

68 

37.5 

37.5 

13 

79.9 

79.9 

73 

122.3 

122.3 

33 

164.8 

164.8 

93 

207.2 

207.8 

54 

38,2 

38.2 

14 

80.6 

80.6 

74 

123.0 

123.0 

84 

165.6 

165.5 

94 

207.9 

807.  r 

66 

38.9 

38.9 

15 

81.3 

81.3 

76 

123.7 

123.7 

35 

166.2 

186.2 

96 

206.6 

soe.« 

56 

39.6 

39.8 

16 

82.0 

82.0 

76 

124.6 

124.5 

36 

166.9 

166.9 

96 

209.3 

208.3 

57 

40.3 

40.3 

17 

82.7 

82.7 

77 

126.2 

126.2 

37 

167.6 

167.6 

97 

210.0 

21ft  0 

58 

41.0 

41.0 

IB 

83.4 

83.4 

78 

126.9 

126.0 

38 

168.3 

188.3 

9« 

210.7 

2ia7 

59 

41.7 

41.7 

19 

84.1 

84.1 

79 

126.6 

126.6 

39 

169.0 

160.0 

99 

211.4 

21L4 

60 

42.4 

42.4 

20 

84.9 

64.9 

SO 

127.3 

127.3 

40 

169.7 

169.7 

300 

212.1 

212.1 

BW. 

IMP. 

IM. 

DM. 

Dep. 

Lai. 

I>W. 

Dep. 

I«t. 

DM. 

Dep. 

ut. 

Ditt. 

D«p. 

laL 

16»{1 

»•,  226 

',  316«).                                                                 1 
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TABLE  2. 

[PftgaeaOa    1 

DUterence  o(  Utitode  and  Departure  for  46"  (19S°,  225°,  SIS"). 

Dirt. 

lAt. 

Dep. 

DIM. 

UL 

Pep. 

MBt. 

1*1. 

Dep. 

Dirt. 

IdL 

Dep. 

Dirt. 

I*t. 

Dep. 

301 

212.8 

212.8 

361 

265.3 

266.3 

421 

297.7 

297.7 

481 

340.1 

340.1 

541 

382.5 

382.5 

02 

213.6 

213.5 

266.0 

256.0 

22 

298.4 

298.4 

82 

340.8 

340.8 

42 

383.2 

383.2 

03 

214.3 

214.3 

63 

256.7 

266.7 

23 

299.1 

299.1 

83 

341,5 

341.6 

43 

383.9 

383.9 

04 

216.0 

216.0 

64 

267.4 

257,4 

24 

299.8 

290.8 

84 

342.2 

342.2 

44 

384.7 

384.7 

OS 

216.7 

215.7 

65 

268.1 

258.1 

25 

300.5 

300.5 

85 

342.9 

342.9 

45 

386.4 

385.4 

06 

216.4 

216.4 

66 

268.8 

258.8 

26 

301.2 

301.2 

86 

343.6 

343.6 

46 

386.1 

386.1 

07 

217.1 

217.1 

67 

259.5 

259.6 

27 

301.9 

301.9 

87 

344.3 

344.3 

47 

386.8 

386.8 

08 

217.8 

217.8 

68 

280.2 

260.2 

302.6 

302.6 

345.1 

345.1 

48 

387.5 

387.5 

09 

218.6 

218.6 

69 

260.9 

260.9 

29 

308.4 

303.4 

89 

345.8 

845.8 

49 

388.2 

388.2 

10 

210.2 

219.2 

70 

261.6 

261.6 

30 

304.1 

304.1 

90 

346.5 

346. 6 

60 

388.9 

388.9 

Sir 

219.9 

219.9 

stT 

^^73- 

262.3 

IST 

304.8 

304.8 

igr 

347.2 

347.2 

55r 

389.6 

-38§7F 

12 

220.6 

220.6 

72 

263.0 

263.0 

32 

305.6 

3(e.5 

92 

347.9 

347.9 

52 

390.3 

390.3 

13 

221.3 

221.3 

73 

263.8 

S3 

306.2 

306.2 

93 

348.6 

348.6 

391.0 

391.0 

14 

222.0 

222.0 

74 

264.5 

264.5 

34 

306.9 

306.9 

94 

349.3 

349.3 

54 

391.7 

391.7 

1& 

222.7 

222.7 

75 

266.2 

265.2 

36 

307.6 

307.6 

96 

360.0 

360.0 

66 

392.4 

392.4 

16 

223.4 

223.4 

76 

285.9 

266.9 

36 

308.3 

308.3 

96 

350.7 

360.7 

66 

393.1 

393.1 

17 

224.2 

224.2 

77 

266.6 

266.6 

37 

300.0 

309. 0 

97 

361.4 

351.4 

57 

393.9 

393.9 

IS 

224.9 

224.9 

78 

267.3 

267.3 

38 

309.7 

309.7 

98 

362.1 

352.1 

68 

394.6 

394.6 

19 

225.6 

225.6 

79 

268.0 

268.0 

39 

310.4 

310.4 

362.8 

352.8 

69 

396.3 

395.3 

20 

226.3 

226.3 

80 

268.7 

268.7 

40 

311.1 

311.1 

600 

363.5 

353.5 

60 

396.0 

396.0 

"32r 

227.0 

227.0 

Sir 

^697r 

269.4 

wT 

UTTs" 

311.8 

"eoT 

^5473" 

35473 

seT 

"39677" 

^9677" 

22 

227.7 

227.7 

82 

270.1 

270.1 

42 

312.5 

312.6 

02 

365.0 

366.0 

62 

397.4 

397.4 

23 

228.4 

228.4 

83 

270.8 

270.8 

43 

313.3 

313.3 

03 

355.7 

356.7 

63 

398.1 

398.1 

24 

229.1 

229.1 

84 

271.6 

271.6 

44 

314.0 

314.0 

04 

356.4 

356.4 

64 

398.8 

398.8 

25 

229.8 

229.8 

86 

272.2 

272.2 

45 

314.7 

314.7 

05 

367.1 

357.1 

65 

399.5 

399.6 

26 

230.6 

230.5 

86 

272.9 

272.9 

46 

316.4 

315.4 

06 

357.8 

367.8 

66 

400.2 

400.2 

27 

231.2 

231.2 

87 

273.7 

273.7 

47 

316.1 

316.1 

07 

368.6 

368.6 

67 

400.9 

400.9 

28 

231.9 

231.9 

88 

274.4 

274.4 

48 

316.8 

316.8 

08 

369.2 

359.2 

68 

401.6 

401.6 

29 

232.6 

232.6 

S9 

276.1 

275.1 

49 

317.6 

317.5 

09 

359.9 

369.9 

69 

402.3 

402.3 

30 

233.3 

233.3 

90 

276.8 

275.8 

50 

318.2 

318.2 

10 

360.6 

360,6 

70 

403.0 

403.0 

331 

234.1 

23471 

SOT 

276.5 

276.6 

451 

318.9 

318.9 

511 

361.3 

36173 

TtT 

403.8 

403.8 

32 

234.8 

234.8 

92 

277.2 

277.2 

62 

319.6 

319.6 

12 

862.0 

72 

404.6 

404.5 

33 

236.5 

236.5 

93 

277.9 

277.9 

53 

320.3 

320.3 

13 

362.7 

362.7 

73 

405.2 

406.2 

34 

238.2 

236.2 

94 

278.6 

278.6 

54 

321.0 

321.0 

14 

363.5 

363.6 

74 

405.9 

406.9 

35 

236.9 

236.9 

95 

279.3 

279.3 

65 

321.7 

321.7 

16 

364.2 

364.2 

75 

406.6 

406.6 

36 

237.6 

237.6 

96 

280.0 

280.0 

56 

322.4 

322.4 

16 

364.9 

364.9 

76 

407.3 

407.3 

37 

238.3 

238.3 

97 

280.7 

280.7 

57 

323.2 

323.2 

17 

365.6 

77 

408.0 

408.0 

38 

239.0 

239.0 

08 

281.4 

281.4 

68 

323.9 

323.9 

18 

366.3 

366!  3 

78 

408.7 

408.7 

39 

239.7 

239,7 

99 

282.1 

282.1 

59 

324.6 

324.6 

19 

367.0 

387.0 

79 

409.4 

409.4 

40 

240.4 

240.4 

400 

282.8 

282.8 

60 

325.3 

325.3 

20 

367.7 

367.7 

80 

410.1 

410.1 

341 

241.1 

241.1 

401 

283.6 

283.6 

461 

326.0 

326.0 

"MT 

368.4 

368.4 

ear 

410.8 

410.8 

42 

241.8 

241.8 

02 

284.3 

284.3 

62 

326.7 

326.7 

22 

82 

411.6 

411.5 

43 

242.5 

242.5 

03 

285.0 

285.0 

327.4 

327.4 

23 

369.8 

369.8 

83 

412.2 

412.2 

44 

243.2 

243.2 

04 

285.7 

285.7 

64 

328,1 

328.1 

24 

370.5 

370.6 

84 

412.9 

412.9 

46 

244.0 

244.0 

06 

286,4 

286.4 

65 

328.8 

328.8 

26 

371.2 

371.2 

86 

413.7 

413.7 

46 

244.7 

244.7 

06 

287.1 

287.1 

66 

829.5 

329.5 

26 

371.9 

371.9 

86 

414.4 

414.4 

47 

246.4 

245.4 

07 

287,8 

287.8 

67 

330.2 

330.2 

27 

372.6 

372.6 

87 

415.1 

416.1 

48 

246.1 

246.1 

08 

288.5 

88 

330.9 

28 

373.4 

373.4 

416.8 

416.8 

40 

246.8 

246.8 

09 

289^2 

289.2 

69 

331.6 

33i:6 

29 

374.1 

374.1 

89 

416.5 

416.6 

SO 

247.5 

247.5 

10 

289.9 

70 

332,3 

332.3 

30 

374.8 

374.8 

90 

417.2 

417.2 

"ffiT 

248.2 

24872 

411 

290.6 

29076 

iTT 

333.1 

33371 

"53r 

375.5 

375.5 

mT 

417.9 

11779" 

fi2 

248.9 

248.9 

12 

291.3 

291.3 

72 

333.8 

333.8 

32 

376.2 

376.2 

92 

418.6 

418.6 

63 

249.6 

249.6 

13 

292.0 

292.0 

73 

334.6 

334.5 

33 

376.9 

376.9 

419.3 

419.3 

64 

260.3 

260.3 

14 

292.7 

292.7 

74 

336.2 

335.2 

34 

377.6 

377.6 

94 

420.0 

420.0 

66 

251.0 

251.0 

15 

293.6 

293.5 

76 

335.9 

336.9 

35 

378.3 

378.3 

96 

420.7 

42a7 

66 

261.7 

251.7 

16 

294.2 

294.2 

78 

336.6 

336.6 

36 

379.0 

379.0 

96 

421.4 

421.4 

67 

252.4 

282.4 

17 

294.9 

294.9 

77 

m.s 

337.3 

37 

379.7 

379.7 

97 

422.1 

422.1 

68 

253.1 

253.1 

18 

295.6 

295.6 

78 

338.0 

338.0 

38 

380.4 

380.4 

98 

422.8 

422.8 

69 

253.9 

253.9 

19 

296.3 

296.3 

79 

338.7 

338.7 

381.1 

381.1 

99 

423.6 

423.6 

60 

254.6 

254.6 

20 

297.0 

297.0 

80 

339.4 

339.4 

40 

381.8 

381.8 
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97.9 

62.1 

26.8 

92.0 

67.7 

23.9 

90.8 

68.2 

26.3 

16 

17 

36.1 

98.9 

63.2 

27.9 

93.1 

68.8 

26.0 

91.9 

50.4 

27.6 

17 

18 

36,2 

1300.0 

64.2 

29.0 

94.2 

59.9 

26.2 

93.0 

60.6 

28.6 

18 

19 

37.3 

01.1 

66.3 

30.0 

96.2 

61.0 

27.3 

94.1 

61.6 

29.7 

19 

"20* 

1238.3 

1302.1 

1366.4 

1431.1 

1496.3 

1562.1 

1628.4 

1606.3 

1762.  J 

1&WJ.9 

20 

21 

39.4 

03.2 

67.6 

32.2 

97.4 

63.2 

29.5 

96.4 

63.9 

32.0 

21 

22 

40.4 

04.3 

68.6 

33.3 

98.6 

64.3 

80.6 

97.6 

65.0 

33.2 

22 

23 

41.6 

06.3 

69.6 

34.4 

99.6 

65.4 

31.7 

98.6 

66.1 

S4.S 

23 

24 

42.6 

06.4 

70.7 

36.4 

1600.7 

66.6 

32.8 

99.7 

67.8 

36.4 

24 

"»" 

1243.6 

1307.6 

1371.8 

1436.5 

1601.8 

1667.6 

1633.9 

1700.9 

1768.4 

1836.6 

26 

26 

44.7 

08.6 

72.8 

37.6 

02.9 

68.7 

36.0 

02.0 

69.6 

87.7 

26 

27 

«.7 

09.6 

73.9 

38.7 

04.0 

69.8 

36.1 

03.1 

70.7 

38.9 

27 

28 

46.8 

10.7 

76JI 

39.8 

06.1 

70.9 

37.3 

04.2 

71.8 

40.0 

28 

29 

47.9 

11.7 

7ff.l 

40.9 

06.2 

72.0 

38.4 

06.3 

72.9 

41.2 

29 

30 

1248.9 

1312. 8 

1377.1 

1442.0 

1607.3 

1673. 1 

1639.6 

1706,6 

1774. 1 

1842.3 

30 

81 

60.0 

lao 

78.2 

43.0 

06.4 

74.2 

4ft6 

07.6 

75.2 

43.4 

31 

32 

51.0 

14.9 

79.3 

44.1 

09.4 

76.3 

41.7 

08.7 

76.3 

44.6 

32 

33 

62.1 

16.0 

80.4 

45.2 

10.6 

76.4 

42.8 

09.8 

77.4 

46.7 

33 

S4 

63.2 

17.1 

81.6 

46.3 

11.6 

77.6 

43.9 

10.9 

78.6 

46.9 

34 

~3r 

1264.2 

1318.2 

1382.5 

1447.4 

1612. 7 

1578.6 

1646.0 

1712.1 

1779.7 

1848.0 

36 

36 

66.3 

19.2 

83.6 

48.6 

13.8 

79.7 

46.2 

13.2 

80.8 

49.2 

36 

37 

66.4 

20.3 

84.7 

49.6 

14.9 

80.8 

47.3 

14.3 

82.0 

50.3 

37 

38 

67.4 

21.4 

86.8 

60.6 

16.0 

81.9 

48.4 

16.4 

83.1 

51.4 

38 

39 

68.5 

22.4 

86.8 

61.7 

17.1 

83.0 

49.6 

16.6 

84.2 

52.6 

39 

40 

1269.6 

1823.5 

1387.9 

1462.8 

1618.2 

1684.1 

1660.6 

1717. 7 

1786.4 

1863.7 

40 

41 

60.6 

24.6 

89.0 

63.9 

19.3 

86.2 

61.7 

18.8 

86.6 

64.9 

41 

42 

61.7 

26.6 

90.1 

66.0 

20.4 

86.3 

62.8 

19.9 

87.6 

66.0 

42 

48 

62.7 

26.7 

91.1 

66.1 

21.8 

87.4 

63.9 

21.1 

88.8 

67.2 

43 

44 

63.8 

27.8 

92.2 

67.1 

22.6 

88.6 

66.1 

22.2 

89.9 

68.8 

44 

46 

1264.9 

"l3M."9/ 

1393.3 

1468.2 

1523.7 

1589.6 

1666,2 

17^3 

1791.1 

1860.5 

45 

46 

66.9 

29.9 

■  94.4 

69.3 

24.8 

90,7 

57.3 

24.4 

92.2 

60.6 

46 

47 

67.0 

31.0 

96.5 

60.4 

25.9 

91.8 

68.4 

26.5 

93.3 

61.8 

47 

48 

68.0 

82.1 

96.6 

61.6 

27.0 

02.9 

69.6 

26.7 

94.5 

62.9 

48 

49 

69.1 

33.1 

97.6 

62.6 

28.0 

94.1 

60.6 

27.8 

96.6 

64.0 

49 
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61 
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36.8 

90.8 

64.8 

80.2 

96.3 

62.9 

ffl).0 

97.9 

66.3 

51 

62 

72.3 

36.8 

1400.9 

66.8 

31.3 

97.4 

64.0 

31.2 

99.0 

67.5 

62 

63 

73.4 

37.4 

01.9 

66.9 

32.4 

98.6 

65.1 

32.3 

1800.1 

68.6 

63 

64 

74.4 

38.5 

03.0 

68.0 

83.6 

99.6 

66.2 

33.4 

01.3 

69.8 

64 

66 

1276.6 

1339.6 

1404.1 

1469.1 

1684.8 

1600.7 

1667.3 

1734.6 

1802.4 

1870.9 

66 

66 

76.6 

40.6 

06.2 

70.2 

36.7 

01.8 

68.4 

36.7 

03.6 

72.1 

56 

67 

77.6 

41.7 

06.2 

71.3 

36.8 

02.0 

69.6 

36.8 

04.7 

73.2 

67 

68 

78.7 

42.8 

07.8 

72.4 

37.9 

04.0 

70.7 

37.9 

06.8 

74.4 

58 

69 

79.7 

43.8 

08.4 

78.6 

39.0 

06.1 

71.8 

30.1 
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69 

M. 

It" 

n" 

M= 

w 

M" 

li" 

«•= 

S7° 

B8" 

w 

H. 

ijGoogle 


P.g.6841 

TABLE  8. 

MeridiomJ  Parte,  or 

Comp 

mm 

u. 

W 

11' 

no 

•«• 

M» 

u° 

M> 

no 

•»> 

M° 

M. 

0 

1876.7 

1946.0 

2016.0 

2066.8 

2158.4 

2230.9 

2304.2 

2878.6 

2463.8 

2630.2 

0 

1 

77.8 

47.1 

17.2 

88.0 

69.6 

32.1 

05.6 

79.8 

66.1 

SI.  6 

1 

2 

79,0 

48.3 

18.3 

89.2 

60.8 

33.3 

06.7 

81.0 

66.4 

82.8 

2 

3 

80.1 

49.4 

19.6 

90.3 

62.0 

34.6 

07.9 

82.3 

67.6 

S4.0 

S 

4 

81.3 

60.6 

20.7 

91.6 

63.2 

35.7 

09.2 

63.6 

68.9 

35.3 

4 

1882,4 

1961.8 

2021.9 

2092.7 

2164.4 

2236.9 

2810.4 

2384.8 

2460.2 

2636.6 

6 

83.6 

52.9 

23.0 

93.9 

66.6 

88.2 

11.6 

86.0 

61.4 

37.9 

6 

7 

84.7 

64.1 

24.2 

96.1 

66.8 

39.4 

12.9 

87.3 

62.7 

39.2 

7 

S 

86.9 

55.3 

26.4 

96.3 

68.0 

40.6 

14.1 

88.6 

64.0 

40.6 

8 

» 

87.0 

56.4 

26.6 

97.5 

69.2 

41.8 

15.3 

89.8 

66.2 

41.7 

9 

-lo- 

1888.2 

1957.6 

5027.7 

2098.7 

2170.4 

2243.0 

2316.6 

2391.0 

12466.5 

2543.0 

10 

ll 

89.3 

68.7 

28.9 

99.8 

71.6 

44.2 

17.8 

92.3 

67.8 

44.3 

11 

12 

90.5 

59.9 

30.1 

2101.0 

72.8 

45.  S 

19.0 

93.6 

69.0 

46.6 

12 

13 

91.8 

61.1 

31.3 

02.2 

74.0 

46.7 

20.3 

94.8 

70.3 

46.9 

13 

14 

92.8 

62.2 

32.4 

03.4 

76.2 

47.9 

21.5 

9S.0 

71.6 

48.2 

14 

16 

1893.9 

1963.4 

2033.6 

3104.6 

2176.4 

2249.1 

2322.7 

2397.3 

'2m:8 

»«X 

1« 

96.1 

64.6 

34,8 

05.8 

77.6 

50.3 

24.0 

08.6 

741 

60.7 

1« 

17 

98.2 

65.7 

36.0 

07.0 

78.8 

61.6 

26.2 

99.8 

75.4 

62.0 

17 

IB 

07.4 

66.9 

37.1 

06.2 

80.0 

62.8 

26.4 

2401.0 

78.6 

83.3 

18 

19 

96.5 

68.1 

38.3 

09.4 

81.2 

64.0 

27.7 

02.  S 

77.9 

64.6 

19 

20- 

1899.7 

1969.2 

2039.5 

^nO" 

2182.5 

2255.2 

2328.9 

■aiST 

"24^.  S 

2655.9 

20 

21 

1000.8 

70.4 

40.7 

11.8 

83.7 

66.4 

30.1 

Ota 

80.4 

67.2 

21 

22 

02.0 

71.5 

41.8 

12.9 

84.9 

67.7 

31.4 

06.0 

81.7 

68.5 

2S 

23 

03.1 

72.7 

43.0 

14.1 

86.1 

68.9 

32.6 

07.3 

63.0 

59.8 

2S 

24 

04.3 

73.9 

44.2 

16.3 

87.3 

80.1 

33.8 

08.6 

84.3 

61.0 

S4 

■26 

1905.6 

1975. 0 

20*6.4 

'Slid.  6' 

■2188.6 

^6173- 

2335.1 

2409.8 

2486.5 

2M2.3 

35 

26 

06.6 

78.2 

46.6 

17.7 

89.7 

62.6 

36.3 

11.1 

86.8 

63.6 

2* 

27 

07.8 

77.4 

47.7 

18.9 

90.9 

63.8 

37.6 

12.3 

88.1 

64.9 

27 

26 

08.9 

78.5 

48.9 

20.1 

92.1 

66.0 

38.8 

13.6 

89.3 

66.2 

S8~ 

29 

10.1 

79.7 

50.1 

21.3 

93.3 

66.2 

40.0 

14.8 

90.6 

67.6 

20 

~TO 

1911.2 

1980.9 

2061.3 

2122.5 

2194,6 

"2267T 

2341.3 

2416. 1 

2491.9 

■^eO" 

36 

31 

12.4 

82.0 

52.6 

23.7 

95.7 

68.7 

42.6 

17.3 

93.2 

70.1 

31 

32 

13.5 

83.2 

63.6 

24.9 

96.9 

69.9 

43.7 

18.6 

94.4 

71.4 

32 

33 

14.7 

84.4 

as 

26.1 

98.1 

71.1 

46.0 

19.8 

96.7 

72.7 

33 

34 

16.8 

86.5 

27.8 

99.4 

72.8 

46.2 

21.1 

97,0 

73.9 

34 

35 

1917.0 

1986.7 

2067.2 

2128.5 

"i200.6 

2273.6 

2347.6 

2422.  d 

2498.3 

2676.2 

35 

36 

18,2 

87.9 

68.4 

29.6 

01.8 

74.8 

48.7 

23.6 

99.6 

76.5 

36 

37 

19.3 

89.1 

59.6 

30.8 

03.0 

76.0 

49.9 

24.9 

2500.8 

77.8 

37 

38 

20.5 

90.2 

60.7 

32.0 

04.2 

77.2 

61.2 

26.1 

02.1 

79.1 

38 

39 

21.6 

91.4 

61.9 

33.2 

05.4 

78.4 

62.4 

27.4 

03.4 

80.4 

39 

40 

1922.8 

1992.6 

2063.1 

2134.4 

2206.6 

2279.7 

5363.7 

2428.6' 

"S04.6" 

2581.7 

40 

41 

93.7 

64.3 

36.6 

07.8 

80.9 

64.9 

29.9 

06.9 

eao 

41 

42 

26.1 

94.9 

65.5 

36.8 

09,0 

82.1 

56.1 

31.2 

07.2 

84.3 

IS 

43 

86.3 

96.1 

66.6 

38.0 

10.2 

83.3 

67.4 

32.4 

08.5 

85.6 

43 

44 

27.4 

97.2 

67.8 

39.2 

11.5 

84.6 

58.6 

33.7 

09.7 

86.9 

44 

46 

1928.6 

1998.4 

2069.0 

2140.4 

■2212.7 

2285.8 

"23r9"X 

2434,9 

2511.0 

2588.2 

4fi 

46 

29.7 

99.6 

70.2 

41.6 

13.9 

87.0 

61.1 

36.2 

12.3 

89.6 

46 

47 

30.9 

2000.7 

71.4 

42.8 

15.1 

88. 3 

62.4 

37.4 

13.6 

90.8 

47 

4S 

32.0 

01.9 

72.6 

44.0 

16.3 

89.5 

63.6 

38.7 

14.8 

92.1 

48 

49 

33.2 

03.1 

73.7 

46.2 

17.5 

90.7 

64.8 

40.0 

16.1 

93.4 

49 

60 

1934.4 

2004.3 

2074.9 

2146.4 

2218.7 

2291.9 

2366.1 

2441.2 

2517.4 

KB4.7 

60 

51 

S6.6 

06.4 

76.1 

47.6 

19.9 

93.2 

67.3 

42.6 

18.7 

96.0 

61 

62 

36.7 

06.6 

77.3 

48.8 

21.1 

94.4 

68. 6 

43.7 

20.0 

97.3 

52 

63 

37.8 

07.8 

78.5 

50.0 

22.4 

96.6 

69.8 

45.0 

21.2 

06.6 

64 

S9.0 

08.9 

79.7 

SI.  2 

23.6 

96.9 

71.1 

46.3 

22.5 

99.8 

54 

55 

1940.2 

2010.1 

2080.8 

2162.4 

2224.8 

2298.1 

2372.3 

2447.fi 

2523.8 

2601.1 

66 

66 

41.3 

11.3 

63.0 

28.0 

73.6 

48.8 

26.1 

02.4 

66 

67 

42.5 

12.6 

83.2 

54.8 

27.2 

2300.5 

74.8 

60.1 

28.4 

03.7 

67 

58 

43.6 

13.6 

84.4 

66.0 

28.4 

01.8 

76.1 

61.3 

27.6 

06.0 

68 

59 

44.8 

14.8 

85.6 

67.2 

29.6 

03.0 

77.3 

£;.3 

28.9 

06.8 
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TABLE  3. 

[Page  626 

c<»»P-srar 

H. 

W 

*]<> 

*!= 

41". 

4*" 

w 

ttfi 

4JO 

48" 

w> 

M. 

2607.6 

2686.2 

2766.0 

2847.1 

2920.6 

3013.4 

3098.7 

3186.6 

3274.1 

3364.4 

0 

08.9 

87.6 

67,4 

48.5 

30.9 

14.8 

8100.1 

87.1 

re.  6 

65.9 

1 

10.2 

88.9 

68.7 

40.0 

32.8 

16.2 

01.6 

88.6 

77.1 

67.4 

2 

11.6 

90.2 

70.1 

51.2 

33.7 

17.6 

08.0 

90.0 

78.6 

69.0 

3 

12.8 

91.5 

71.4 

52.6 

36.1 

19.0 

04.4 

01.4 

80,1 

70.6 

4 

— S" 

2«14.1 

2692.8 

2772.8 

2863.0 

'2§se.6 

3020.4 

3105.0 

3192.9 

3281.6 

8872.0 

5 

16.4 

M.2 

74.1 

55.3 

37.9 

21.8 

07.3 

94.4 

83.1 

73.5 

6 

16.  S 

05.5 

76.4 

66.7 

89.3 

23.3 

06.8 

06,8 

84.6 

75.1 

7 

18.1 

96.8 

76.8 

68.0 

40.6 

24.7 

10.2 

97.3 

86,1 

76.6 

8 

19.4 

96.1 

78.1 

60.4 

42.0 

28.1 

11.6 

98.8 

87,6 

78,1 

9 

-To- 

2620.7 

2699.6 

2770.8 

2860.8 

2043.4 

3027.6 

811S.1 

3200,2 

3289.0 

3370.6 

l6 

ll 

22.0 

2700.8 

80.8 

62.1 

44.8 

28.9 

14.6 

01,7 

90.5 

81.2 

11 

12 

23.3 

02.1 

82.2 

63.6 

46.2 

30.3 

16.0 

€8.2 

02.0 

82.7 

12 

3 

24.6 

03.4 

88.6 

64.9 

47.6 

31.7 

17.4 

04.6 

03.6 

84.2 

13 

26.9 

04.8 

84.8 

66.2 

40.0 

33,2 

18.8 

06.1 

05.0 

85.7 

14 

2627.2 

iwrr 

2786.2 

2867.6 

2960.4 

3034.6 

8120.3 

3207.6 

3296.6 

3387.3 

16 

28.6 

07.4 

87.6 

69.0 

51.8 

86,0 

21.7 

00.0 

98.0' 

88.8 

16 

17 

29.8 

08.7 

88.9 

70.3 

63.2 

37.4 

23.2 

10.5 

90.6 

90.3 

17 

18 

31.1 

.10.1 

00.2 

71.7 

64.6 

38.8 

24.6 

12.0 

3301.0 

01.8 

18 

19 

S2.4 

11.4 

91.6 

73.1 

66.9 

40.2 

26.0 

13.4 

02.6 

93.4 

19 

"80" 

2633.7 

2712.7 

2792.9 

2874.4 

2957.3 

3041.7 

3127.5 

3214.9 

3304.0 

3394.9 

20 

21 

36.0 

14.0 

94.3 

75.8 

58.7 

43.1 

28.9 

16.4 

06.6 

96.4 

21 

22 

36.3 

16.4 

96.6 

77.2 

60.1 

44.5 

30.4 

17.9 

07.0 

08.0 

22 

23 

37.6 

16.7 

97.0 

78.6 

61.6 

46.0 

81.8 

10.3 

06.6 

09.6 

23 

24 

38-9  1 

18.0 

08.3 

79.9 

62.9 

47.8 

33.3 

20.8 

10.0 

8401.0 
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^ 
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2719.8 

2799.7 

2881.3 

2964.3 

3018.7 

S184.7 

3222.3 

3311.6 

8402.6 

26 

26 

41.6 

20.7 

2801.0 

82.7 

66.7 

60.2 

86.2 

23.7 

18.0 

04.1 

26 

27 

42.9 

22.0 

02.4 

84.0 

67.1 

61.6 

37.6 

25.2 

14.6 

05.6 

27 

28 

44.2 

23.3 

03.7 

86.4 

68.5 

63.0 

39.0 

26.7 
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.269 
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86 

87 

8.164 

3.632 

5846 

.270 

406 

606 

87 

88 

2.108 

2.422 

8898 

.271 
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86 

89 

1.062 

1.211 
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89 

90 

0 

0 

0 
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90 
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t 

« 

tj< 

tK 

s 

« 

.»      1 

3 

1.96 
1.57 
1.32 

1.09 
0.H 
0.84 

2.19 

1.76 

1.31 
1.12 

2.42 

1.63 

_ 

H 

1.14 

0.76 

1.47 

0.09 

1.94 

1.30 

2.64 

1.77 

? 

1.00 

0.71 

1.27 

0.90 

1.62 

1.16 

2.12 

1.60 

2.86 

2.01 

ik 

0.90 

0.66 

1.12 

1.40 

1.04 

1.77 

1.31 

2.29 

1.69 

3.06 

2.26 

a 

0.81 

0.63 

1.00 

0.77 

1.23 

0.96 

1.53 

1.18 

1.91 

1.48 

2.45 

1.90 

3.25 

2.61 

4 

0.74 

0.60 

0.91 

0.73 

1.10 

0.89 

1.34 

1.08 

1.66 

2.06 

1.65 

2.61 

2.10 

s 

0.69 

0.67 

0.83 

0.69 

1.00 

0.83 

1.20 

l.OO 

1.46 

L21 

1.77 

1.47 

2.19 

1.82 

0.64 

0.B5 

0.77 

0.66 

0.92 

0.70 

1.09 

0.94 

1.30 

1.11 

1.56 

1.34 

1.88 

1.62 

0.60 

aes 

0.72 

0.63 

0.86 

0.76 

1.00 

0.88 

1.18 

1.04 

1.39 

1.23 

1.66 

1.46 

0.67 

0.62 

0.68 

0.61 

0.79 

0.72 

0.93 

0.84 

1.08 

0.98 

1.26 

1.14 

1.48 

1.34 

e 

0.64 

0.50 

0.64 

0.59 

0.74 

0.69 

0.86 

0.80 

1.00 

0.92 

1.16 

1.07 

1.35 

1.24 

<) 

0.52 

0.49 

0.60 

0.57 

0.70 

0.66 

0.81 

0.76 

0.03 

0.88 

1.07 

1.01 

1.23 

1.16 

0) 

0.60 

a  47 

0.68 

0.66 

0.67 

0.64 

0.77 

0.73 

0.68 

0.84 

1.00 

0.96 

1.14 

1.09 

6) 

0.48 

0.46 

a65 

0.54 

0.64 

0.62 

0.73 

0.71 

0.83 

0.80 

0.94 

0.91 

1.06 

1.03 

7 

0.46 

0.45 

0.53 

0.62 

0.61 

0.60 

0.69 

0.68 

0.79 

0.77 

0.89 

0.87 

1.00 

o.m 

7 

0.46 

0.44 

0.61 

0.61 

0.69 

0.68 

0.67 

0.66 

0.76 

0.74 

0.84 

0.83 

0.94 

0.93 

7 
7 

0.43 

0.43 

0.60 

0.60 

0.67 

0.56 

0.64 

0.64 

0.72 

0.72 

0.80 

0.80 

0.90 

0.89 

0.42 

0.42 

0.48 

0.48 

0.65 

0.66 

0.62 

0.69 

0.69 

0.77 

0.77 

0.86 

0.86 

8 

ft  41 

0.41 

0.47 

0.47 

0.63 

0.63 

oieo 

0.60 

0.67 

0.67 

0.74 

0.74 

0.82 

0.82 

0.41 

0.41 

0.46 

0.46 

0.52 

0.62 

0.68 

0.68 

0.66 

0.65 

0.72 

0.72 

0.79 

0.79 

a40 

0.40 

0.46 

0.46 

0.61 

0.61 

0.57 

0.57 

0.63 

0.63 

0.69 

0.69 

0.76 

0.7S 

0.39 

0.39 

0.45 

0.44 

0.60 

0.60 

0.66 

0.56 

0.61 

0.61 

0.68 

0.67 

0.74 

0.73 

9 

0.39 

0.38 

0.44 

0.43 

0.49 

0.48 

0.65 

0.54 

0.60 

0.69 

0.66 

0.65 

0.72 

0.71 

M 

0.39 

0.3S 

0.44 

0.42 

0.49 

0.47 

0.54 

0.52 

0.59 

0.57 

0.64 

0.63 

0.70 

0.68 

SI 

0.38 

0.37 

0.43 

0.41 

0.48 

0.46 

0.63 

0.61 

0.68 

0.66 

0.63 

0.61 

0.69 

0.66 

0.38 

0.36 

0.43 

0.40 

0.48 

0.45 

0.62 

0.49 

0.57 

0.64 

0.62 

0.69 

0.67 

0.63 

10 

a3S 

0.35 

0.43 

0.40 

0.47 

0.44 

0.52 

0.48 

0.57 

0.62 

0.61 

0.67 

0.66 

0.61 

lot 

a38 

0.36 

0.43 

0.S9 

0.47 

0.43 

0.62 

0.47 

0.66 

0.51 

0.61 

0.66 

0.65 

0.69 

10} 
10| 

0.38 

0.34 

0.43 

0.38 

0.47 

0.42 

0.51 

0.46 

0.66 

0.49 

0.60 

0.63 

0.66 

0.67 

0.39 

0.33 

0.43 

0.37 

0.47 

0.40 

0.51 

0.44 

0.56 

0.48 

0.60 

0.51 

0.64 

0.66 

11 

0.39 

0.32 

0.43 

0.36 

0.47 

0.39 

0.51 

0.43 

0.66 

0.46 

aeo 

0.60 

a64 

a6S 

"1 

0.39 

0.31 

0.44 

0.35 

0.48 

0.38 

0.52 

0.41 

0.56 

0.46 

aoo 

0.48 

0.64 

0.61 

"1 

0.40 

0.31 

0.44 

0.34 

0.4S 

0.37 

0.52 

0.40 

0.66 

0.43 

0.60 

0.46 

0.63 

0.49 

111 

a  41 

0.30 

0.45 

0.33 

0.49 

0.36 

0.62 

0.39 

0.66 

0.42 

0.60 

0.44 

0.64 

0.47 

12 

0.41 

0.29 

0.45 

0.32 

0.48 

0.36 

0.63 

0.37 

0.87 

0.40 

0.60 

0.43 

0.64 

0.46 

12 

0.42 

0.28 

0.46 

0.31 

0.50 

0.34 

0.54 

0.36 

0.57 

0.38 

0.61 

0.41 

0.64 

0.42 

12 

a43 

0.28 

0.47 

0.30 

0.61 

0.65 

0.35 

0.68 

0.37 

0.61 

0.39 

0.66 

0.41 

m 

0.46 

0.27 

0.48 

0.2» 

0.52 

0.31 

0.66 

0.33 

0.59 

0.36 

0.62 

0.37 

0.65 

0.39 

13 

a4S 

0.26 

0.60 

0.28 

0.63 

0.30 

0.57 

0.32 

0.60 

0.33 

0.35 

0.66 

0.37 

lU 

a48 

0.24 

0.61 

0.26 

0.66 

0.28 

0.68 

0.30 

0.61 

0.32 

0.64 

0.33 

0.67 

0.36 

IS 

0.60 

0.23 

0.53 

0.25 

0.67 

0.27 

0.60 

0.28 

0.63 

0.30 

0.66 

0.31 

0.69 

0.3! 

13 

a  52 

0.22 

0.W 

0.24 

0.69 

0.26 

0.62 

0.26 

0.66 

0.28 

0.68 

0.29 

0.70 

0.30 

14 

0.64 

0.21 

0.B8 

0.22 

0.61 

0.28 

0.64 

0.24 

0.67 

0.28 

0.69 

0.27 

0.72 

0.28 
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' 

«     1 

*i 

a44 

2.76 

6 

2.78 
2.31 

2.30 
1.98 

3.62 
2.91 

8.01 
2.60 

3.80 

3.26 

1.99 

1.76 

2,44 

2.15 

3.06 

2.69 

3.96 

3.49 

1.75 

2.10 

1,90 

2.55 

2,31 

3,18 

2.H8 

4.12 

3.72 

6 

1.67 

1146 

1.86 

1.71 

2.20 

2.03 

2.66 

2.46 

3.31 

3.06 

4.26 

3.94 

^ 

1.42 

1.34 

1.65 

1,56 

1.94 

1.82 

2.29 

2.16 

2.77 

2.61 

3.42 

3.22 

4.40 

4.14 

H 

1.31 

1.2fi 

1.50 

1.44 

1.73 

1.66 

2.02 

1.93 

2.38 

2.28 

2.86 

2.74 

3.63 

3.38 

«l 

1.21 

1.17 

1.38 

1.33 

1.67 

1..52 

1.81 

1.75 

2.10 

2.04 

2.47 

2.39 

2.95 

2.87 

7 

1.18 

1.11 

1.27 

1.25 

1.44 

1.41 

1.64 

1.61 

1.88 

1.84 

2.17 

2.13 

2.66 

2.60 

7 

1.06 

1.06 

1.19 

1.17 

1.33 

1.32 

1.50 

1.49 

1.70 

1.69 

1.94 

1.92 

2.24 

2.22 

7 

1.00 

1.00 

1.11 

1.11 

1.24 

1.24 

1.39 

1.38 

1.56 

1.55 

1.76 

1,76 

2.01 

2.00 

7 

0.95 

0.96 

1.05 

1,05 

1.17 

1.17 

1.30 

1.30 

1.46 

1.44 

1.62 

1.62 

1.82 

1.82 

8 

0.91 

0.91 

1.00 

1.00 

1.10 

1.10 

1.22 

1.22 

1.35 

1.36 

1.50 

1.60 

1.87 

1.67 

0.87 

0.87 

0.95 

0.96 

1.06 

1,05 

1,15 

1.15 

1.27 

1.26 

1.40 

1.39 

1.54 

1.54 

0.84 

0.83 

0.91 

0.91 

1.00 

1.00 

1.09 

1.09 

1.20 

1.19 

1.31 

1.30 

1.44 

1.4S 

0.81 

0.80 

0.88 

0.87 

0.96 

0.95 

1.04 

1.03 

1.14 

1.12 

1.24 

1.22 

1.36 

1.34 

9 

0.78 

0.77 

0.86 

0.8S 

0.92 

0.90 

1,00 

0.98 

1.08 

1.06 

1.18 

1.16 

1.28 

1.26 

H 

0.78 

0.74 

0.80 

0.89 

0.86 

0,96 

0.03 

1.04 

1.01 

1.12 

1.09 

1.21 

1.18 

^ 

0-74 

0.71 

oiso 

0.77 

0.S6 

0.83 

0,93 

0.89 

l.OO 

0.96 

1.08 

1.03 

1.16 

l.ll 

ei 

0.73 

0.68 

0.78 

0.74 

0.84 

0,79 

0,90 

0.85 

0.97 

0.91 

1.04 

0.97 

1.11 

1.04 

10 

0.71 

0.66 

0.77 

0,71 

0.82 

0.76 

0.88 

0.81 

0.94 

0.87 

1.00 

0.92 

1.07 

0.90 

0.70 

0.63 

0.75 

0,68 

0.80 

0.72 

0.86 

0.77 

0.91 

0.82 

0.97 

0.88 

1.0S 

0.98 

0.69 

0.61 

0.74 

0.66 

0.79 

0.60 

0.84 

0.74 

0.89 

0.78 

0.94 

0.83 

1.00 

0.S8 

0,88 

0.69 

0.73 

0.63 

0.77 

0.66 

0.82 

0.70 

0.87 

0.76 

0.92 

0.79 

0.97 

0.83 

11 

0.68 

0,56 

0.72 

0.60 

0.76 

0.64 

0,81 

0.67 

0.86 

0.71 

0.90 

0.76 

0.95 

0.79 

11* 

0.67 

0,54 

0.71 

0,67 

0.76 

0.61 

0.80 

0.64 

0.84 

0.67 

0.88 

0.71 

0.98 

0.75 

11} 

0.67 

0.52 

0.71 

0.55 

0.76 

0.58 

0.79 

0.61 

0.83 

0.64 

0.87 

0.67 

0.91 

a  70 

111 

0.67 

0.50 

0.71 

0.52 

0.74 

0.55 

0.78 

0.58 

0,61 

0,86 

0.64 

0.90 

aee 

12 

0.67 

0,48 

0.71 

0.50 

0.74 

0.52 

0.78 

0.55 

olsi 

0.57 

0,86 

0.60 

0.88 

0.63 

0.67 

0.46 

0.71 

0.48 

0.74 

0,60 

0,77 

0.62 

0.81 

0,54 

0.84 

0.56 

0:87 

a58 

0.68 

0.43 

0.71 

0.45 

0.74 

0,47 

0.77 

0.49 

0.80 

0.61 

0.84 

0.63 

0.87 

a66 

0.41 

0.71 

0.43 

0.74 

0,44 

0.77 

0.46 

0.80 

0.48 

0.83 

0.60 

0.86 

0.61 

13 

0.89 

0.38 

0.72 

0.40 

0.75 

0.42 

0.78 

0.43 

0.80 

0.45 

0,83 

0.46 

0.66 

0.4B 

13 

0.70 

0.36 

0.73 

0.37 

0.76 

0.78 

0.40 

0.81 

0.41 

0.S3 

0.43 

0.68 

a44 

13 

0.71 

0.34 

0.74 

0.36 

0.76 

0,36 

0.79 

0.37 

0.81 

0.38 

0.84 

0.39 

0.86 

a4i 

13) 

0.73 

0.31 

0.75 

0.32 

0.77 

0.33 

0.80 

0.S4 

0.35 

0.84 

0.36 

0.86 

0.37 

14 

0,74 

0.28 

0.77 

0.29 

0.79 

0.30 

0.81 

0.31 

o!83 

0.32 

0.85 

0.32 

0.87 

0.33 

Mi 

m 

• 

•!( 

.K 

« 

'            1 

n 

4.62 

4,33 

3.63 

3.52 

4.63 

4.49 

r 

3.04 

2.98 

8.72 

3.65 

4,74 

4.64 

't 

2.62 

2.59 

3.11 

3,08 

3.80 

8.76 

4.83 

4.77 

i 

2.30 

2.29 

2.68 

2,67 

3.18 

3.17 

3.87 

3.86 

i91 

4.88 

7| 

2,06 

2.06 

2.36 

2.36 

2.74 

2.74 

3.24 

3.24 

3.94 

3.93 

4.97 

4.97 

8 

1,87 

1.87 

2.11 

2.11 

2.41 

2.41 

2.79 

2.79 

3.30 

3.30 

3.99 

3.99 

5.03 

6.  OS 

8i 

1.72 

1.71 

1.92 

1.92 

2.16 

2.16 

2.46 

2.46 

2.84 

2.84 

3.34 

3.34 

4.0* 

4.03 

H 

1.S9 

1,58 

1.76 

1.75 

1.96 

1.95 

2.20 

2.19 

2.50 

2.49 

2.88 

2,87 

3.38 

S.36 

4 

1.48 

1,46 

1.63 

1.61 

1.80 

1.78 

2.00 

1.98 

2.24 

2.21 

2.63 

2.61 

2.91 

2.88 

9 

1.39 

1.36 

1.62 

1.49 

1.66 

1.63 

1.83 

1.80 

2.03 

1.99 

2.27 

2.23 

2.56 

2.61 

H 

1.81 

1.27 

1.42 

1.38 

1,66 

1.50 

1.69 

1.64 

1.86 

1.81 

2.06 

2.00 

2.29 

2.2S 

» 

1.28 

1,19 

1.36 

1.29 

1.46 

1.39 

1.68 

1.51 

1.72 

1.65 

1.89 

1.81 

2.08 

1.99 

91 

1.19 

1.12 

1.20" 

1,38 

1.30 

1.48 

1.40 

1.61 

1.61 

1.75 

1.64 

1.91 

1.80 

10 

1.14 

1.05 

L22 

1.13 

1.31 

1.21 

1.40 

1.30 

1.51 

1.39 

1.62 

1.50 

1.77 

1.63 

10| 

1.10 

0.99 

1,17 

1.06 

1.25 

1,13 

1.33 

1.20 

1.42 

1.29 

1.63 

1.38 

1.65 

1.49 

10 

1.06 

0.94 

1.13 

0.99 

1.20 

1.06 

1.27 

1.12 

1.36 

1.19 

1.44 

1.27 

1.56 

1.36 

10 

1.03 

0.88 

1.09 

0,93 

1.15 

0.99 

1.22 

1.01 

1.29 

1.11 

1.37 

1.18 

1.46 

1.28 

11 

1.00 

0.83 

1.05 

0.88 

1.11 

0.92 

1.17 

0.97 

1.24 

1.03 

1.31 

1.09 

1.39 

1.16 

11 

0,98 

0;78 

1.03 

0.82 

1.08 

0.87 

1.13 

0.91 

1.19 

0.96 

1.25 

1.01 

1.32 

1.06 

11 

0.96 

0.73 

1.00 

0.77 

1.05    0.81 

1.10 

0.85 

1.15 

0,89 

1,21 

0.93 

1.27 

0.9S 

11 

0.94 

0,69 

0.98 

0.72 

1.02    0.76 

1.07 

0,79 

1.12 

0.83 

1.17 

0.86 

1.22 

0.90 

12 

0.92 

0.65 

0,96 

0.68 

1,00 

0.71 

1.04 

0.73 

1.09 

0.77 

1.13 

0.80 

1.18 

0.83 

12 

0.91 

0,61 

0.94 

0.98 

0.66 

1.02 

1.06 

0.71 

1.10 

0.74 

1.14 

0.77 

12 

0.90 

0.67 

0.93 

0.69 

0.97 

0.61 

1.00 

0.63 

1,04 

0.66 

1.07 

0.68 

1.11 

0.71 

12 

0.89 

0.53 

0,92 

0.65 

0.95 

0.67 

0.98 

0.59 

1,02 

0.61 

1.05 

0.63 

1.08 

0.66 

13 

0.49 

0,91 

0.51 

0.94 

0.62 

0.97 

0,64 

1,00 

0.56 

1.03 

0,67 

1.06 

0.59 

131 

0.88 

0.45 

0.91 

0,47 

0.93 

0.48 

0.96 

0.49 

0.99 

0.61 

1.01 

0.52 

1.04 

0.64 

131 

0.42 

0.91 

0.43 

0.44 

0,95 

0.45 

0.98 

0.46 

1.00 

0.47 

1.02 

0.4S 

•  13l 

0.38 

0.90 

0,39 

0192 

0.40 

0.96 

0.41 

0.97 

0.41 

0.99 

0.42 

1.01 

0.43 

14 

0.89 

0.34 

0.91 

0.35 

0.92 

0.36 

0.94 

0.36 

0.90 

0.37 

0,98 

0.38 

1.00 

0.38 
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1.93 
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46 
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3.56 

2.63 

60 
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2.96 

2.27 
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2.13 
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2.64 

2.01 
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3.86 

3.04 

64 
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1.32 

1.90 
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1.81 

2.66 
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1.93 
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2.77 
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2.93 
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1.25 

1.64 
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62 
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1.51 
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1.20 
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1.85 
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1.42 
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70 

0.96 

0.89 
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1.34 
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1.49 

1.77 

1.66 

72 

0.91 

0.86 
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1.27 
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1.41 
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74 

0.87 
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1.34 
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0.81 
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1.16 
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1.44 

1.40 

78 

0.80 
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1.02 
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1.24 
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1.38 
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0.78 

0.77 
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0.83 
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1.18 
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1.28 

1.27 

82 
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0.75 
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0.89 
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0.96 
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S4 
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1.17 

1.16 

86 

0.71 

0.71 

0.77 
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0.83 
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0.89 
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0.96 
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1.04 

1.04 

1.12 

1.12 

88 

0.69 

0.69 

0.75 

0.75 

0.80 
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0.86 

0.88 

0.93 

0.93 
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1.00 

1.08 

1.07 

90 

0.67 

0.67 

0.73 

0.73 

0.78 

0.78 

0.84 

0.84 

0.90 

0.90 

0.97 

0.97 

1.04 

1.04 

92 

0.68 

0.66 

0.71 

0.71 

0.76 

0.76 

0.82 

0.82 

0.87 

0.87 

0.93 

1.00 

1.00 

94 

0.66 

0.64 

0.69 

0.69 

0.74 

0.74 

0.79 

0.79 

0.85 

0.86 

0.91 

0.90 

0.97 

0.97 

96 

0.63 

0.67 

0.73 

0.72 

0.78 

0.77 

0.83 

0.82 

0.88 

0.88 

0.94 

0.93 

98 

a  62 

0^62 
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0.66 

0.71 

0.70 

0.76 

0.76 

0.81 

0.80 

0.86 

0.85 

0.91 

0.00 

100 

a  61 

0.60 

0.66 

0.64 

0.70 

0.69 

0.74 

0.73 

0.79 

0.78 

0.84 

0.83 

0.89 

102 

0.60 

0.69 

0.64 

0.63 

0.68 

0.67 

0.73 

0.71 

0.77 

0.76 

0.82 

0.80 

0.87 

0.85 

104 

0.60 

0.68 

0.61 

0.67 

0.65 

0.72 

0.69 

0.76 

0.74 

0.80 

0.78 

0.85 

0.82 

106 

0.69 

0.67 

o:83 

0.60 

0.66 

0.64 

0.70 

0.68 

0.74 

0.72 

0.79 

0.76 

0.83 

0.80 
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0.68 

a66 

0.62 

0.69 

0.66 

0.62 

0.69 

0.66 

0.73 

0.70 

0.77 

0.74 

0.81 

0,77 
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0.68 

0.64 

0.61 

0.57 

0.65 

0.61 

0.68 

0.64 

0.72 

0.68 

0.76 

0.71 

0.80 

0.75 

112 

0.67 

0.63 

0.61 

0.56 

0.64 

0.59 

0.68 

0.71 

0.66 

0.75 

0.69 

0.79 

0.73 
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0.67 

0.62 

0.60 

0.56 

0.03 

0.68 

0.67 
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0.70 

0.64 

0.74 

0.68 

0.78 

0.71 
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0.66 

0.61 

0.60 

0.64 

0.68 

0.57 

0.66 

0.60 

0.70 

0.63 

0.73 

0.66 

0.77 

0.69 
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0.66 

0.60 

0.69 

0.62 

0.63 

0.65 

0,66 

0.69 

0.61 

0.72 

0.64 

0.76 

0.67 
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0.66 

0.49 

0.69 

0.51 

0.62 

0.64 

0.65 

o!57 

0.68 

0.59 

0.72 

0.76 

0.66 
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0.66 

0.47 

0.69 

0.50 

0.62 

0.63 

0.65 

0.55 

0.68 

0.68 

0.71 

0.60 

0.74 

0.63 
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0.66 

0.46 

0.59 

0.49 

0.62 

0.51 

0.65 

0.64 

0.68 

0.56 

0.71 

0.58 

0.74 

0.61 
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0.66 

0.46 

0.69 

0.48 
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0.60 

0.64 

0.62 

0.67 

0.64 

0.70 

0.57 

0.73 

0.69 
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0.46 
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0.49 
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0.63 
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0.56 
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0.66 

0.43 
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0.45 
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0.47 
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0.63 
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0.66 

0.42 
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0.44 

0.62 

0.46 
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0.48 
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0.50 
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0.52 
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0.45 
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0.46 
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0.48 

0.69 

0.50 
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0.41 
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0.46 
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0.47 
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0.48 
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J>.,60 
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0.40 
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0.45 
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0.47 
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0.48 
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0.40 

0.66 
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0.43 

0.70 

0.45 
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0.46 
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0.61 

0.38 
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0.66 

0.41 

0.68 

0.42 
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0.43 

0.72 

0.46 
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0.38 
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0.39 
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0.40 
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0.41 
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0.4S 
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0.60 
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0.35 
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0.36 

0.67 

0.37 

0.69 

0.89 

0.71 

0.40 

0.73 

0.41 
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0.61 

0.32 

0.63 

0.34 

0.66 

0.35 

0.68 

0.36 

0.70 

0.37 

0.72 

0.38 

0.74 

0.39 
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0.62 

0.31 

0.64 

0.32 

0.66 

0.38 

0.68 

0.34 

0.70 

0.36 

0.72 

0.36 

0.74 

0.37 
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0.63 

0.90 

0.65 

0.31 

0.87 

0.32 

0.69 

0.83 

0.71 

0.33 

0.73 

0.34 

0.75 

0.35 
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0.66 

0.2S 

0.67 

0.29 

0.68 

0.30 

0.70 

0.31 

a  72 

0.32 

0.74 

0.76 

0.33 
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0.66 

0.27 

0.68 
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0.70 

0.28 

0.72 

0.29 

0.73 

0.30 

0.75 
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0.77 
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6.67 
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0.69 
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0.27 

0.73 

0.27 

0.74 

0.28 
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0.78 
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2.42 
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3.41 
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2.78 
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68 
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3,34 

3.10 
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3.71 
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3.01 
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1.76 
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86 
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1.41 
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1.66 
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88 
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1.46 
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1.56 

1.70 
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1.8* 

90 
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92 
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1.62 
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1.6S 
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94 
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1.17 

1.26 
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1.44 
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96 
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1.06 
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1.13 
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1.21 

1.20 

1.29 

1.38 

1.37 

1.47 

1.47 

98 

0.97 
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1.03 

1.02 

1.10 

1.08 

1.16 

1.15 

1.24 

1.32 

1.31 

1.41 

1.39 
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0.94 

0.93 
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0.98 
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1.04 
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1.27 
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1.36 

1.33 
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0.95 
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1.13 

1.22 
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1,29 

1.27 
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0.90 

0.87 
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0,97 
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1.02 
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1,08 

1.18 

1.14 

1.26 

1.21 
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0.84 

0.92 

0.89 

0.97 

0.94 
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1.14 
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1.20 

1.16 
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0.93 

0.87 
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0.96 

1.08 

1.01 

1.13 
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0.87 
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0,93 

1.05 
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1.02 
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0.81 

0.74 

0.8S 
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0.82 

0.85 
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0.89 

1.02 
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0.82 
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1.04 
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0.90 

0.79 

0.94 

0.83 

0.98 
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1.02 
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0.78 
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0.82 

0.71 
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0.74 

0.77 

0.91 

0.80 

0,96 
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0.87 
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0.77 
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0.81 

0.68 

0.84 

0.71 

0.87 

0.74 

0.90 

0,77 

0.95 
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0.98 

0.83 

124 

0.77 
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0.80 

0.66 

0.83 

0.86 

0.71 

0.90 

0,74 

0.93 

0.77 

0.96 

0.80 
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0.76 

0.61 

0.79 

0.64 

0.82 

0.66 

0.85 

0.69 

0.88 

0,71 

0.91 

0.74 

0.96 

0.77 
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0.76 

0.59 

0.78 

0.62 

0.81 

0.64 

0.84 

0.66 

0.87 

0.90 

0.71 

0.93 

0.74 

130 

0.76 

0.57 

0.78 

0.60 

0.81 

0,62 

0.83 

0.64 

0,86 

o!66 

0.89 

0.68 

0.92 

0.71 
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0.76 

0.56 

0.77 

0.67 

0,80 

0.69 

0.83 

0.61 

0.85 

0.64 

0.66 

0.91 

0.68 
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0.74 

0.54 

0.77 
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0.60 

0.67 

0.82 

0.59 

0,85 

0.61 
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0,90 
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0.74 

0.52 

0.77 

0.53 
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0.82 

0,57 

0.84 

0.87 
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0,89 
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0.74 
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0.77 
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0.53 

0.81 

0.54 

0.84 

o!56 
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0.58 

0.89 

0.69 
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0.48 

0.77 

0.49 

0,79 

0.51 

0.81 

0.52 

0.54 

0.86 

0.55 

0.68 

0.57 
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0.74 

0.46 

0.77 

0.47 

0.78 

0,49 

0.81 

0.50 

0.83 

0.51 

0.86 

0.52 

0.87 

0.64 
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0.75 

0.44 

0.77 

0.46 

0.79 

0,46 

0,81 

0.48 

0.83 

0.49 

0.86 

0.60 

0.87 

0.51 

146 

0.75 

0.42 

0.77 

0.43 

0.79 

0.44 

0.81 

0.45 
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0,46 

0.85 

0.47 

0.87 

0.49 
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0.76 

0.40 

0.77 

0.41 

0.79 

0.42 

0,81 

0.43 
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0,44 

0.85 

0.46 
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0.46 
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0.38 
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0.39 
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0.40 

0,81 
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0,42 
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0.42 
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0.43 
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0.77 

0.36 

0.78 

0.37 
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0.38 

0.82 

0.83 

0.39 

0.85 

0.40 

0.67 

0.41 
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0,83 
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0.31 
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160 

0.80 
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IMstance  of  an  Object  by  Two  Bearings. 
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Difference  between  the  conne  ud  flnt  bearing. 
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6.08 

4.84 

74 

4.25 

4.06 

6.18 

4.98 

76 

3.66 

3.64 

4.32 

4.19 

6.26 
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78 

3.20 

3.13 

3.72 

3.63 

4.39 

4.30 

5.34 
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80 
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0.63 

1.37 

0.64 

164 

1.16 

0.60 

1.17 

0.51 

1.19 

0.52 

1.22 

0.63 

1.24 

0.54 

1.27 

0.66 

1.29 

0.67 

1.S2 

0.6S 

166 

1.13 

0.46 

1.15 

0.47 

1.17 

0.47 

1.19 

0.48 

1.21 

0.49 

1.23 

0.50 

1.25 

0.61 

1.28 

0.52 

168 

1.11 

0.42 

1.13 

0.42 

1.14 

0.43 

1.16 

0.44 

1.18 

0.44 

1.20 

0.45 

1.22 

0.46 

1.24 

0.47 

100 

1.09 

« 

1.11 

0.36 

1.12 

0.36 

1.14 

0.89 

1.16 

0.39 

1.17 

0.40 

1.19 

0.41 

1.21 

0.41 
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Dietance  of  u  Object  bj  Two  BeuiiigB. 

DOmate 
bMireen 

IHffenDM  betwMD  Uw  MiuM  ud  flnt  beufDf . 

beuliis. 

U0> 

iir 

■■- 

..r 

... 

1M° 

■-    1 

120" 

5.41 

4.69 

122 

4.52 

3.83 

6.34 

4.53 

124 

3. 88 

3.22 

4.46 

a  70 

5.26 

4.36 

126 

3.41 

2.76 

3.83 

3.10 

4.39 

3.55 

5.18 

4.19 

128 

ao4 

2.40 

8.38 

2.66 

3.78 

2.98 

4.32 

3.41 

6.08 

4.01 

180 

2.76 

2.10 

3.00 

2.30 

3.31 

2.54 

3.72 

2.86 

4.25 

3.» 

4.00 

3.82 

132 

2.61 

1.86 

2.71 

2.01 

2.96 

2.20 

3.26 

2.42 

3.66 

2.71 

4.17 

3.10 

4.88 

3.68 

IM 

2.31 

1.66 

2.48 

1.78 

2.67 

1.92 

2.91 

2.09 

3.20 

2.30 

3.58 

2.67 

4.08 

2.93 

186 

2.14 

1.49 

2.28 

1.58 

2.44 

1.09 

2.63 

1.83 

2.86 

1.98 

3.14 

2.18 

3.61 

2.44 

188 

2.00 

1.34 

2.12 

1.42 

2.25 

l.BO 

2.40 

1.61 

2.68 

1.73 

2.80 

3.08 

2.06 

140 

1.88 

1.21 

1.97 

1.27 

2.08 

1.84 

2.21 

1.42 

2.36 

1.62 

2.63 

1.63 

2.74 

1.76 

142 

1.77 

1.09 

1.86 

1.14 

1.95 

1.20 

2.06 

1.28 

2.17 

1.34 

2.31 

1.42 

2.48 

1.53 

144 

1.88 

0.99 

1.76 

1.03 

1.83 

1.07 

1.91 

1.13 

2.01 

1.18 

2.13 

1.26 

2.26 

1.33 

146 

1.60 

0.89 

1.66 

0.93 

1.72 

0.96 

1.80 

1.01 

1.88 

1.05 

1.98 

1.10 

2.08 

1.17 

148 

1.63 

0.81 

1.68 

0.84 

1.63 

0.87 

1.70 

0.90 

1.77 

0.94 

1.84 

0.98 

1.93 

1.03 

160 

1.48 

0.78 

1.51 

0.76 

1.55 

0.78 

1.81 

0.80 

1.67 

0.83 

1.73 

0.87 

1.81 

0.90 

152 

1.40 

0.66 

1.44 

0.68 

1.48 

0.70 

1.53 

0.72 

1.68 

0.74 

1.63 

0.77 

1.70 

0.80 

IH 

1.35 

0.69 

1.39 

0.61 

1.42 

0.62 

1.46 

0.64 

1.60 

0.86 

1.56 

0.68 

1.60 

0.70 

166 

1.31 

0.63 

1.33 

0.54 

1.37 

0.66 

1.40 

0.57 

1.43 

0.58 

1.47 

0.60 

1.62 

0.62 

156 

1-28 

0.47 

1.29 

0.48 

1.32 

0.49 

1.34 

0.60 

1.37 

0.51 

1.41 

0.53 

1.44 

0.54 

160 

1.23 

0.42 

1,26 

0.43 

1.27 

0.43 

1.29 

0.44 

1.32 

0.46 

1.36 

0.46 

1.38 

0.47 

IW 

lfff= 

~- 

lar 

ur> 

1*4° 

».     1 

184" 

4.77 

3.43 

136 

3.99 

2.77 

4.66 

3.23 

138 

3.43 

2.29 

3.89 

2.00 

4.64 

3.04 

r 

140 

3.01 

1.83 

3.34 

2.15 

3.79 

2.44 

4.41 

2.84 

143 

2.68 

1.66 

2.94 

1.81 

3.26 

2.01 

3.63 

2.27 

4.28 

2.63 

144 

2.42 

1.42 

2.62 

1.64 

2.86 

1.68 

3.17 

1.86 

3.67 

2.10 

4.14 

2.48 

146 

2.21 

1.24 

2.37 

1.32 

2.56 

1.43 

2.78 

1.66 

3.07 

1.72 

3.46 

1.98 

4.00 

2.24 

148 

2.04 

1.06 

2.16 

1.14 

2.30 

1.22 

2.48 

1.31 

2.70 

1.43 

2.97 

1.68 

3.84 

1.77 

160 

1.86 

0.96 

1.99 

0.90 

2.10 

1.06 

2.24 

1.12 

2.40 

1.20 

2.61 

1.30 

2.87 

1.44 

162 

1.77 

0.83 

1.86 

0.87 

1.94 

0.91 

2.04 

0.98 

2.17 

1.02 

2.33 

1.09 

2.62 

1.18 

164 

1.66 

0.78 

1.72 

a  76 

1.80 

0.79 

1.88 

0.83 

1.98 

0.87 

2.10 

0.92 

2.26 

0.99 

166 

1.66 

0.84 

1.62 

0.66 

1.68 

0.68 

1.75 

0.71 

1.83 

0.74 

1.02 

0.78 

2.03 

0.83 

168 

1.48 

0.66 

1.63 

0.57 

1.68 

0.69 

1.63 

0.61 

1.70 

0.64 

1.77 

0.66 

1.86 

o.a» 

160 

1.41 

0.48 

1.46 

0.49 

1.40 

0.51 

1.53 

0.62 

1.68 

0.54 

1.64 

0.66 

1.71 

0.58 

.«. 

i»«= 

~- 

'"• 

14«<> 

1*8" 

•"•     1 

148" 

8.S6 

2.04 

160 

3.22 

1.61 

3.70 

1.85 

162 

2.77 

1.30 

3.09 

1.46 

3.66 

1.66 

164 

2. 43 

1.06 

2.66 

1.16 

2.96 

1.30 

3.38 

1.48 

166 

2.17 

a88 

2.33 

0.95 

2.64 

1.04 

2.83 

1.16 

3.22 

1.31 

168 

1.96 

0.78 

2.08 

0.78 

2.23 

0.84 

2.43 

0.91 

2.60 

1.01 

3.06 

1.14 

160 

1.7ft 

0.61 

1.88 

0.64 

1.09 

0.68 

2.13 

0.73 

2.31 

0.79 

2.65 

0.87 

2.68 

0.98 
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TABLE  6. 

1 

Distance  of  VidUUty  of  Objects  at  Sea. 

Helgbt, 

Nkuticftl 

StMuU 

^l^ 

Nantlcftl 

SMtoM 

Height, 

Naatiol 

StatDM 

teSt. 

mllv. 

mUoL 

matm. 

milH. 

feel. 

mllw. 

mikiL 

l.I 

l.S 

100 

11.5 

13.2 

760 

31.6 

36.4 

1.7 

1.9 

105 

11.7 

13.6 

780 

32.0 

36.9 

2.0 

2.3 

no 

12.0 

13.8 

800 

32.4 

37.3 

2.3 

2.6 

116 

12.3 

14.1 

820 

32.8 

37.8 

2.5 

2.9 

120 

12.6 

14.5 

840 

S3. 2 

38.3 

2.8 

3.2 

126 

12.9 

14.8 

860 

SS.6 

38.7 

2.9 

8.6 

130 

13.1 

16.1 

880 

34.0 

39.2 

3.1 

3.7 

135 

13.3 

15.3 

900 

34.4 

39.6 

3.5 

4.0 

140 

13.6 

16.6 

920 

34.7 

40.0 

JO 

S.6 

4.2 

146 

13.8 

16.9 

940 

36.2 

40.5 

&8 

4.4 

160 

14.1 

16.2 

960 

36.6 

4a9 

12 

4.0 

4.6 

160 

14.6 

16.7 

980 

36,9 

41.3 

IS 

4.2 

4.8 

170 

14.9 

17.2 

1,000 

36.2 

41.7 

14 

4.3 

4.9 

180 

15.4 

17.7 

1,100 

38.0 

43.8 

16 

4.4 

5.1 

190 

16.8 

18.2 

1,200 

89.6 

45.6 

16 

4.6 

6.3 

200 

16.2 

18.7 

1,300 

41.3 

47.8 

17 

4.7 

5.4 

210 

16.6 

19.1 

1,400 

42.9 

49.4 

18 

4.9 

5.6 

220 

17.0 

19.6 

1,600 

44.4 

51.1 

19 

6.0 

5.8 

230 

17.4 

20.0 

1,600 

46.8 

52.8 

90 

6.1 

6.9 

240 

17.7 

20.4 

1,700 

47.2 

64.4 

21 

6.3 

6.1 

260 

18.2 

20.9 

1,800 

48.6 

56.0 

32 

6.4 

6.2 

260 

18.8 

21.3 

1,900 

49.9 

57.6 

23 

6.6 

6.3 

270 

18.9 

21.7 

2,000 

61.  S 

59.0 

24 

6.6 

6.5 

280 

19.2 

22.1 

2,100 

52.6 

60.6 

26 

6.7 

6.6 

290 

19.6 

22.6 

2,200 

63.8 

61.9 

26 

6.8 

6.7 

300 

19.9 

22.9 

2,300 

66.0 

63.3 

27 

6.0 

6.0 

310 

20.1 

23.2 

2,400 

56.2 

64.7 

S8 

6.1 

7.0 

3» 

20.6 

23.6 

2,600 

57.  S 

66.0 

29 

6.2 

7.1 

330 

20.8 

24.0 

2,aoo 

68.6 

67.3 

30 

6.3 

7.2 

340 

21.1 

24.3 

2,700 

59.6 

68.6 

31 

6.4 

7.3 

360 

21.6 

24.7 

2,800 

60.6 

68.8 

32 

6.6 

7.6 

360 

21.7 

ffi.O 

2,900 

61.8 

n.i 

38 

6.6 

7.6 

370 

22.1 

26. 4 

3,000 

62.8 

72.3 

34 

6.7 

7.7 

380 

22.3 

26.7 

3,100 

78.5 

SB 

6.8 

7.8 

390 

22.7 

28.1 

3,200 

64.9 

74.7 

36 

6.9 

7.9 

400 

22.9 

26.4 

3,300 

66.9 

76.9 

37 

6.9 

8.0 

410 

23.2 

26.7 

3,400 

66.9 

77.0 

36 

7.0 

8.1 

4S0 

23.5 

27.1 

3,600 

67.8 

78.1 

39 

7.1 

8.2 

430 

23.8 

27.4 

3,600 

68.8 

79.2 

40 

7.2 

■     8.3 

440 

24.1 

27.7 

3,700 

69.7 

80.3 

41 

7.S 

8.4 

UO 

24.3 

28.0 

3.800 

70.7 

81.4 

42 

7.4 

8.5 

460 

24.6 

28.3 

3,900 

71.6 

82.4 

46 

7.6 

8.7 

470 

24.8 

38.6 

4,000 

72.6 

88.6 

44 

7.6 

8.8 

480 

25.1 

28.9 

4,100 

73.4 

84.5 

46 

7.7 

8.0 

490 

26.4 

29.2 

4,200 

74.3 

85. 6 

46 

7.8 

9.0 

600 

26.6 

29.6 

4,300 

76.2 

86.6 

47 

7.9 

9.0 

620 

26.1 

30.1 

4.400 

76.1 

87.6 

48 

7.9 

9.1 

540 

26.7 

30.7 

4,500 

76.9 

88.6 

49 

8.0 

9.2 

660 

27.1 

31.2 

4,600 

77.7 

89.  S 

60 

8.1 

9.3 

580 

27.6 

31.8 

4,700 

78.6 

90.6 

66 

8.6 

9.8 

600 

28.0 

32.3 

4,800 

79.4 

91.4 

ao 

8.9 

10.2 

620 

28.6 

32.9 

4,900 

BO.  2 

92.4 

96 

9.2 

10.6 

640 

29.0 

33.4 

5,000 

81.0 

88.3 

70 

9.6 

11.0 

660 

29.4 

33.9 

6,000 

88.8 

102.2 

76 

9.9 

11.4 

680 

29.9 

34.4 

7,000 

96.0 

110.6 

80 

10.3 

11.8 

700 

30.3 

34.9 

8,000 

102.6 

IIM 

85 

10.6 

12.2 

720 

30.7 

35.4 

9,000 

108.7 

125.2 

90 

10.0 

12.5 

740 

31. 1 

ffi.9 

10,000 

114.6 

132.0 

96 

11.2 

12.9 

r>' Google 
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TABLE  7 

[Pi«e641   1 

" 

H.  Mj 

-      1     «."■ 

" 

H.    U. 

H.    M. 

H.  V. 

" 

H.    K. 

H.  e. 

M.  a 

u.  s. 

u.   s. 

M.    B. 

U.    S. 

~~» 

a  A 

" 

a   A 

" 

8.    i. 

" 

a.   A 

" 

B.    A 

" 

8.     A 

1 

0    4 

61 

4    4 

121 

8    4 

181 

12    4 

241 

16    4 

301 

20    4 

2 

0    8 

62 

4    8 

122 

8    8- 

182 

12    8 

242 

16    8 

302 

20    8 

3 

oia- 

63 

4  12 

123 

8  12 

183 

12  12 

243 

16  12 

303 

20  12 

4 

0  16 

64 

4  16 

124 

8  16 

184 

.12  16 

244 

16  16 

304 

20  16 

5 

020 

65 

4  20. 

125 

8  20 

185 

12  20 

245 

16  20 

305 

20  30  ' 

« 

024 

66 

4  24 

126 

8  24 

186 

12  24 

246 

16  24 

306 

20  24 

7 

0  28. 

87 

428 

127 

8  28 

187 

12  28 

247 

16  28 

307 

20  28 

8 

0  32 

68 

4  32 

128 

188 

12  32 

248 

16  32 

308 

20  32 

9 

036 

60 

436 

129 

836 

189 

12  36 

249 

16  36 

309 

20  36 

W 

040 

70 

440 

130 

840 

190 

12  40 

260 
^  26T 

16  40 

110 

20  40 

044 

71 

4  44 

131 

844 

191 

12  44 

16  44 

3U 

20  44 

12 

048* 

72 

4  48 

132 

8  48 

192 

12  48 

252 

16  48 

312 

20  48 

IS 

0  52 

73 

4  62 

133 

8  52 

12  62 

263 

IS  62 

313 

20  62 

14 

056 

74 

466 

134 

866 

194 

12  66 

254 

16  66 

314 

90  66 

15 

1    0 

75 

5    0 

136 

9    0 

195 

IS    0 

266 

17   0 

316 

21    0 

16 

1    4 

76 

6    4 

*.]36 

9    4 

196 

IS    4 

266 

17    4 

316 

21    4 

17 

1    8 

77 

5    8 

137 

9    8 

197 

13    8 

267 

17    8 

317 

21    8 

16 

1  12 

78 

6  12 

138 

912 

198 

13  12 

258 

17  12 

318 

21  12 

19 

16 

79 

6  16 

139 

9  16 

199 

13  16 

259 

17  16 

310 

21  16 

ao_ 

20 

80 

6  20 

140 

0  20 

200 

13  20 

200 

720 

320 

21  20 

24 

81 

524 

141 

924 

201 

13  24 

261 

f2r 

~^r 

21  24 

22 

1  28 

62 

628 

142 

928 

202 

13  28 

.    262 

728 

322 

21  28 

23 

6  32 

143 

9  32 

203 

13  32 

263 

17  32 

323 

21  32 

24 

1  36 

84 

636 

144 

9  86. 

204 

IS  36 

264 

17  36 

324 

21  36 

26 

140 

85 

640 

146 

040 

206 

13  40 

266 

17  40 

325 

21  40 

26 

1  44 

86 

544 

146 

9  44 

206 

13  44 

266 

17  44 

326 

21  44 

27 

1  48 

87 

648 

147 

948 

207 

13  48 

267 

17  48 

2148 

28 

162 

88 

6  52 

148 

9  62 

208 

13  62 

268 

17  52 

21  62 

29 

1  56 

89 

5  56 

149 

966 

209 

13  66 

269 

17  56 

329 

21  56 

30 

2    0 

90 

6    0 

150 

10    0 

210 

4    0 

270 

18    0 

330 

22    0 

~~M~ 

2    4 

91 

6    4 

~^m' 

10    4 

^2ir 

4    4 

~27r 

18    4 

SSI 

22    4 

S2 

2    8 

92 

e   6 

152 

10    8 

212 

4    8 

272 

18    8 

332 

22    8 

33 

2  12 

»3 

6  12 

153 

10  12 

213 

14  12 

273 

18  12 

333 

22  12 

84 

2  16 

94 

6  16 

164 

10  16 

214 

14  16 

274 

18  16 

334 

22  16 

35 

2  20 

96 

6  20 

155 

10  20 

215 

14  20 

275 

18  20 

835 

22  20 

36 

224 

06 

624 

166 

10  24 

216 

14  24 

276 

18  24 

336 

22  24 

87 

228 

97 

157 

10  28 

217 

14  28 

277 

18  28 

337 

22  28 

38 

2  32 

98 

6  32 

158 

10  32 

218 

14  32 

278 

18  32 

338 

22  32 

89 

236 

99 

636 

169 

10  36 

219 

14  36 

279 

18  36 

339 

22  36 

« 

240 

100 

6  40 

160 

10  40 

220 

14  40 

280 

18  40 

340 

22  40 

Ttf 

101 

6  44 

161 

10  44 

221 

14  44 

281 

IB  44 

341 

22  44 

42 

248 

102 

6  48 

162 

10  48 

222 

14  48 

282 

18  48 

342 

22  48 

43 

2  52 

lOS 

6  62 

163 

10  52 

223 

14  52 

283 

18  52 

343 

22  62 

44 

266 

104 

656 

164 

10  66 

224 

14  66 

284 

18  56 

344 

22  56 

46 

3    0 

105 

7    0 

166 

11    0 

225 

15    0 

285 

19    0 

345 

46 

3    4 

106 

7    4 

166 

11    4 

226 

16    4 

286 

19    4 

23    4 

47 

3    8 

107 

7    8 

167 

11    8 

227 

15    8 

287 

19    8 

347 

23    8 

48 

3  12 

108 

7  12 

168 

11  12 

228 

16  12 

288 

19  12 

348 

23  12 

49 

8  16 

109 

7  16 

169 

11  16 

229 

15  16 

289 

19  16 

349 

23  16 

60 

320 

110 

7  20 

170 

11  20 

280 

15  20 

290 

19  20 

350 

23  20 

H" 

324 

~nr 

724 

171 

11  24 

231 

16  24 

291 

19  24 

— ^r 

^24 

62 

828 

112 

728 

172 

n  28 

232 

15  28 

292 

19  28 

352 

23  28 

63 

332 

lis 

7  32 

173 

11  32 

233 

16  32 

293 

19  32 

363 

23  82 

64 

336 

114 

7  36. 

174 

11  36 

234 

16  36 

294 

19  36 

354 

23  S6 

66 

340 

116 

740 

175 

11  40 

235 

15  40 

296 

19  40 

366 

23  40 

66 

344 

116 

744 

176 

11  44 

236 

15  44 

296 

19  44 

356 

23  44 

67 

3  48 

117 

746 

177 

11  48 

237 

15  48 

297 

19  48 

367 

23  48 

68 

118 

178 

11  62 

15  52 

298 

19  62 

368 

23  52 

69 

356 

119 

756 

179 

11  56 

239 

15  56 

299 

19  56 

359 

23  56 

60 

4    0 

120 

8    0 

180 

12    0 

240 

16    0 

300 

20    0 

360 

24    0 

KoTK— Vhen  tumlDg  Beconda  ot  arc  bio  time,  uid  tI 
*■,  Ih*  wlM  la  tlnieni  «"  1*  not  >^  but  »||-»4. 


r>' Google 


T*S9  64S]                                         TABLE  8. 

SiderMl  into  Ueui  SoIat  Time. 

1 

Td 

hH«y*ryl 

bom  *.  Mn»ml  tlmo  Intwral. 

•* 

1» 

f 

I» 

*» 

1^ 

» 

I* 

— ! 

"o 

o^o!ooo 

0    9*^930 

*  19''659 

0  29''489 

"o  39^318 

0  49!l48 

"o  68t'977 

t    8^807 

•■ 

- 

1 

0  0.164 

0    ».9»3 

0  19.623 

0  29.663 

0  39.482 

0  49. 312 

0  59. 141 

1    8.971 

1 

0.003 

2 

0  0.328 

0  10. 157 

0  19. 987 

0  29.816 

0  39.646 

0  49.476 

0  69.305 

1    9.135 

2 

.006 

3 

0  0. 491 

0  10. 321 

0  20. 161 

0  29.980 

0  39.810 

0  49.639 

0  59.469 

1    9.208 

3 

.008 

4 

0  0.656 

0  10.486 

0  20. 314 

0  30.144 

0  39. 974 

0  49. 803 

0  59.633 

1    9.462 

4 

.011 

T 

0  0.810 

0  10.649 

0  20.478 

0  36,308 

0  40.  J37 

0  49. 967 

0  59.796 

1    9.626 

T 

.014 

e 

0  0.983 

0  10.613 

0  20.642 

0  30. 472 

0  40.301 

0  50. 131 

0  59.960 

1    0.790 

6 

.016 

7 

0  1. 147 

0  10. 976 

0  20.806 

0  30.636 

0  40.465 

0  50.295 

I    0.124 

1    9.»&4 

7 

.019 

8 

0  1. 311 

0  11. 140 

0  20.970 

0  30.799 

0  40.620 

0  60.458 

I    0.288 

I  10.118 

8 

.022 

9 

0  1.474 

0  11.304 

0  21.134 

0  30.963 

0  40.793 

0  50.622 

1    0.462 

1  10.281 

9 

.026 

15 

0  1.638 

0  11.468 

0  21.297 

0  81.127 

0  40.956 

0  50.786 

1    0.616 

1  10.446 

TET 

.0X7 

U 

0  1.802 

0  21.461 

0  31. 291 

0  41. 120 

0  60.960 

1     0.779 

1  10.609 

11 

.090 

12 

0  1.966 

0  11.  795 

0  21. 626 

0  31.456 

0  41.284 

0  51. 114 

1    0.943 

1  10.773 

12 

.033 

13 

0  2.130 

0  11. 969 

0  21. 789 

0  31. 818 

0  41.448 

0  61. 278 

1    1.107 

1  10.937 

13 

.036 

14 

0  2.264 

0  12. 123 

0  21.968 

0  31. 782 

0  41. 612 

0  61.441 

1    1.271 

1  11.100 

14 

.088 

16 

0  2.467 

0  12. 287 

0  22. 117" 

0  31.046 

0  41.776 

0  61.606 

1     1.436 

1  tl.264 

16 

.041 

IS 

0  2.621 

0  12.451 

0  22.280 

0  32. 110 

0  41.939 

0  51.  769 

1     1.699 

1  11.428 

16 

.044 

17 

0  2.786 

0  12.616 

0  22.444 

0  32. 274 

0  42.103 

0  51.933 

1     1. 762 

1  11.692 

17 

.046 

IS 

0  2.949 

0  12. 778 

0  22.608 

0  32.438 

0  42.267 

0  62. 097 

1     1.926 

1  11.766 

18 

.049 

19 

0  3. 118 

0  12.942 

0  22.772 

0  32. 601 

0  42.431 

0  62.260 

1    2.090 

1  11.920 

19 

.062 

20 

0  3.277 

0  13.106 

0  22.936 

0  32.765 

0  42.595 

0  62.424 

1    2.264 

1  12.063 

20 

"7068" 

21 

0  3.440 

0  13. 270 

0  23.009 

0  32.929 

0  42.769 

0  62.688 

1    2.418 

1  12.247 

21 

.067 

32 

0  3.604 

0  13.434 

0  23.263 

0  33.093 

0  42.922 

0  62. 762 

1    2.682 

1  12.411 

22 

.060 

23 

0  3.768 

0  13.698 

0  23.427 

0  33.267 

0  43.086 

0  52.916 

1    2.746 

1  12.676 

23 

.063 

24 

0  3.932 

0  13. 761 

0  23.601 

0  33.420 

0  43.250 

0  63.080 

1    2.909 

1  12.739 

24 

.m 

a 

0  4.096 

0  13.926 

0  23.755 

0  33.564 

0  43.414 

0  63.^ 

1    3.078 

1  12.903 

» 

26 

0  4.269 

0  14.069 

0  23.919 

0  33.748 

0  43.678 

0  63.407 

1    3.237 

1  13.066 

26 

'.vn 

27 

0  4.423 

0  14.263 

0  24.082 

0  83. 912 

0  43.742 

0  63.671 

1    3.401 

1  13.230 

27 

.074 

28 

0  4.587 

0  14. 417 

0  24.246 

0  34.076 

0  43.905 

0  53.785 

1    3.564 

1  13.394 

28 

.076 

89 

0  4. 761 

0  14. 581 

0  24.410 

0  34.240 

0  44.069 

0  63.899 

I    3.728 

1  13.558 

29 

.4)79 

So 

0  4.915 

0  14.744 

0  24. 574 

0  34.403 

0  44.233 

0  54.068 

1    3.892 

1  13.722 

30" 

^oe 

31 

0  5.079 

0  14.906 

0  24.738 

0  34.567 

0  44.S97 

0  54.226 

1    4.056 

1  13.886 

31 

.065 

82 

0  5.242 

0  15.072 

0  24.902 

0  34. 731 

0  44.661 

0  54.390 

1     4.220 

1  14.049 

32 

.087 

33 

0  6.406 

0  15.236 

0  26.066 

0  34.895 

0  44.724 

0  54.564 

1     4.384 

1  14.213 

33 

.090 

34 

0  5.670 

0  15,400 

0  26.229 

0  35.069 

0  44.888 

0  64. 718 

1     4.647 

1  14.377 

34 

.093 

3E 

0  16.66r 

0  25.393 

"oseTm" 

0  46.052 

0  64.882 

1     4.711 

1  14.541 

36" 

.096 

36 

0  6.898 

0  16. 727 

0  25.557 

0  35.386 

0  46. 216 

0  55.046 

1    4.876 

1  14.  706 

36 

.008 

37 

0  6.062 

0  18, 891 

0  26. 721 

0  36.650 

0  45.380 

0  56.209 

1    6.(89 

1  14.868 

37 

.101 

38 

0  6.225 

0  16.056 

0  25.886 

0  36.  714 

0  46.644 

0  66. 873 

1    6.203 

1  15.032 

38 

.104 

39 

0  6,389 

0  16. 219 

0  28.048 

0  35. 878 

0  45.707 

0  65.637 

1    6.367 

1  16. 106 

39 

.106 

40 

0  6.663 

0  16.383 

0  28.212 

0  36.042 

0  45.871 

0  66.701 

1    6.530 

I  16.360 

40 

Two 

41 

0  6.717 

0  16.546 

0  26. 376 

0  36.206 

0  46.036 

0  66.865 

1    5.694 

I  15.524 

41 

.112 

42 

0  6.881 

0  16.710 

0  26.540 

0  36.369 

0  46.199 

0  68.028 

1     5.858 

1  16.688 

42 

.115 

43 

0  7.046 

0  16. 874 

0  26.704 

0  36.533 

0  46.363 

0  66.192 

1    6.022 

1  16.851 

43 

.117 

44 

0  7.208 

0  17.038 

0  26.667 

0  36.697 

0  46.527 

0  56.366 

I    6.186 

1  16.016 

44 

.120 

46 

0  7.372 

0  17.202 

0  27.  OSl 

0  36.861 

0  46.690 

0  66.520 

1    6.350 

116.179 

45 

.123 

46 

0  7.636 

0  17.S66 

0  27. 195 

0  37.025 

0  46.864 

066.684 

1     6.513 

1  16.343 

46 

.126 

47 

0  7.700 

0  17.529 

0  27.369 

0  37. 188 

0  47.018 

0  56.848 

1    6, 677 

1  16.607 

47 

.128 

48 

0  7.864 

0  17. 693 

0  27. 623 

0  37. 852 

0  47. 182 

0  67.  Oil 

1     6.841 

1  16.671 

48 

.131 

49 

0  8.027 

0  17. 867 

0  27. 687 

0  37. 616 

0  47.346 

0  67. 176 

1     7.005 

1  16.834 

49 

.134 

60 

0  8. 191 

0  18.021 

0  27.850 

0  47.610 

0  67.330 

1    7.160 

1  16.998 

50 

.137 

61 

0  8.356 

0  18. 185 

0  28.014 

0  371844 

0  47.673 

0  57.603 

1    7.332 

1  17.162 

51 

.139 

62 

0  8.619 

0  18.349 

0  28. 178 

0  38.008 

0  47.837 

0  57. 667 

1     7.496 

1  17.326 

62 

.142 

63 

0  8.683 

0  18. 612 

0  28.342 

0  38.171 

0  48.001 

0  57. 831 

1    7.660 

1  17.490 

63 

.146 

64 

0  8.847 

0  18.676 

028.506 

0  38.335 

0  48.165 

0  67.904 

1    7.824 

1  17.664 

54 

.147 

m 

0  9.010 

0  18.840 

0  28.  m 

0  38.499 

0  48.329 

■■0'S8.158 

1    7.988 

1  17.817 

66 

.ISO 

5S 

0  9. 174 

0  19.004 

0  28.833 

0  38.663 

0  48.492 

0  68.322 

1    8.162 

1  17.981 

66 

.153 

67 

0  9.338 

0  19. 168 

0  28.997 

0  38.827 

0  48.656 

0  68.486 

1    a  316 

1  18.146 

57 

.166 

58 

0  9.602 

0  19.331 

0  29. 161 

0  38.991 

0  48.820 

0  58.660 

1    8.479 

1  18.309 

58 

.168 

69 

0  9.666 

0  19. 495 

0  29.326 

0  39. 164 

0  46.964 

0  68. 814 

1    8.648 

1  18.473 

60 

a  161 

ijGoogle 


TABLE  S.                                          {PaseMS    | 

BidereAl  into  Mma  Sobr  Time. 

1 

TobanbtnMedtro 

■DftildnMltliiieiDterral. 

» 

•» 

!•> 

11» 

i|k 

11* 

1*' 

l» 

— 1 

m. 

m.     t. 

m.      • 

m.     «. 

m.      ■ 

m. 

^ 

m.      1 

m.     t. 

■».     1 

^ 

0 

1  18.686 

1  28.466 

1  38.296 

1  48.126 

67.966 

2    7.784 

2  17.614 

2  27.443 

1 

1  18.800 

1  28.630 

1  38.469 

1  48.280 

1  68. 119 

2    7.048 

2  17. 778 

2  27.607 

1 

0.003 

2 

1  18.964 

1  28.794 

1  38.623 

1  48.463 

1  58.282 

2    8.112 

2  17. 941 

2  27. 771 

2 

.006 

3 

1  19.128 

1  28.968 

1  38. 787 

1  48.617 

1  58.446 

2    8.276 

2  18. 105 

2  27.936 

3 

.008 

4 

1  19.292 

1  29.121 

1  38.961 

1  48.780 

1  68. 610 

2    8.440 

2  18.269 

2  28.099 

4 

.Oil 

T 

1  19.456 

1  29.286 

1  30. 116 

1  4&044 

1  68.774 

2    8.603 

2  18.433 

2  28.283 

-5 

.014 

6 

1  19. 619 

1  29.449 

1  39.279 

1  49. 108 

1  68.938 

2    8.767 

2  18.597 

2  28. 426 

6 

.016 

7 

1  19.783 

1  29. 613 

1  39.442 

1  49. 272 

1  69. 101 

2    8.931 

2  18. 761 

2  28,590 

7 

.019 

8    1  19.947 

1  29.777 

1  39.606 

1  49.436 

1  69.266 

2    9.095 

2  18.924 

2  28,764 

8 

.022 

9 

1  20.  Ill 

29.  MO 

1  39.770 

1  40.600 

1  69.429 

2    9.259 

2  19.088 

2  28. 918 

9 

.025 

io 

120.275 

— SOOT 

139.934 

1  49. 763 

159.603 

2    9.423 

2  19.262 

2  29.082 

10 

~OT7" 

1!    1  20. 439 

30.268 

1  40.098 

149.927 

1  69. 757 

2    9. 586 

2  19.418 

2  20.246 

11 

.030 

12 1  1  20. 602 

130.432 

1  40.261 

1  50.091 

1  59.921 

2    9.750 

2  19.680 

2  29.409 

12 

.033 

13'  1  20.766 

1  30.696 

1  40.425 

1  60.255 

2 

0.084 

2    9.914 

2  19. 744 

2  29.573 

13 

.036 

14 1  1  20. 930 

1  30.760 

1  40.689 

1  60.419 

2 

0.248 

2  10.078 

2  19.907 

2  20. 737 

14 

.038 

i^ 

121.094 

1  30.923 

140.763 

150.683 

"2" 

0.412 

xiajsr 

2  20.071 

2  29.901 

15 

tmt 

16 

1  21.256 

1  31.087 

1  40. 917 

1  60.746 

2 

0.576 

2  10.405 

2  20.236 

2  30.066 

16 

.044 

17 

1  21.422 

1  31.261 

1  41.081 

1  60.910 

2 

0.740 

2  10.669 

2  20.399 

2  30.228 

17 

.046 

18 

1  21.686 

1  31. 416 

1  41.244 

1  51.074 

2 

0.904 

2  10. 733 

2  20.563 

2  30.392 

18 

.049 

19 

]  21.749 

1  31.579 

1  41.40B 

1  61.238 

2 

.067 

2  10.897 

2  20.727 

2  30.566 

19 

.052 

30 

1  21.913 

1  31.743 

1  41. 572 

161.402 

X 

.231 

2  11.081 

2  20.890 

2  30.720 

M 

T066 

21 

1  22.077 

1  81.006 

1  41. 736 

1  51.665 

2 

.395 

2  11.226 

2  21.064 

2  30.884 

21 

.067 

22 

1  22.241 

1  32.070 

1  41.900 

1  51.720 

2 

1.569 

2  11.388 

2  21. 218 

2  31.048 

22 

.060 

23 

1  22.404 

1  32.234 

142.064 

1  51.893 

2 

1.723 

2  11.662 

2  21.382 

2  31. 211 

23 

.063 

24 

1  22.668 

1  32.308 

142.227 

1  62. 067 

2 

1.887 

2  11. 716 

2  21.648 

2  31.375 

24 

.066 

ffi 

1  22.732 

132.562 

142.391 

1  62.221 

T 

2.050 

2  11.880 

2  21.709 

2  31.639 

a 

"7(568 

2fl 

1  22.896 

1  32.728 

1  42.655 

1  52.386 

2 

2.214 

2  12.044 

2  21. 873 

2  31. 703 

26 

.071 

27 

1  23.060 

1  32.889 

1  42. 719 

1  52.648 

2 

2.376 

2  12.208 

2  22.037 

2  31. 867 

27 

.074 

28 

1  23.224 

1  33.063 

1  42.883 

1  62. 712 

2 

2.542 

2  12. 371 

2  22.201 

2  32.031 

28 

.076 

29 

1  23.387 

1  33.217 

1  43.047 

1  62. 876 

2 

2.706 

2  12.535 

2  22.366 

2  32.194 

29 

.079 

30 

1  23.661 

1  33.381 

1  43.210 

1  53.010 

T 

2.869 

2  12.699 

2  22.529 

2  32  368 

30 

.082 

31 

1  23.715 

1  33.646 

1  43.374 

1  63.204 

2 

3.033 

2  12.863 

2  22.692 

2  32.522 

31 

.088 

32 

1  23.879 

1  33.708 

1  43.638 

163.368 

2 

3.107 

2  13.027 

2  22.866 

2  32.686 

32 

.087 

33 

1  24.043 

1  33.872 

1  43.702 

163.631 

2 

3.361 

2  13. 191 

2  23.020 

2  32.850 

33 

.090 

34 

1  24.207 

1  34.036 

1  43.860 

1  63.696 

2 

3.626 

2  13.364 

2  23.184 

2  33. 013 

34 

.003 

35 

1  24. 370 

1  34.200 

1  44.029 

1  63.869 

2 

3.669 

2  13. 518 

2  23.348 

36 

.096 

36 

1  24.534 

1  34.36* 

1  44.193 

1  64.023 

2 

3.862 

2  13.682 

2  23. 512 

2  33!  341 

36 

.098 

37 

1  24.698 

1  34.628 

1  44.367 

1  64.187 

2 

4.016 

2  13.846 

2  23.675 

2  33.506 

37 

.101 

38 

1  24.862 

1  34.691 

1  44. 521 

1  64.  %1 

2 

4.180 

2  14.010 

2  23.839 

2  33.869 

38 

.104 

3» 

1  25.026 

1  34.866 

1  44,666 

1  64.614 

2 

4.344 

2  14. 173 

2  24.003 

2  33.833 

39 

.106 

40 

1  26.190 

1  36.019 

1  44.840 

1  64.678 

2 

4.608 

2  14.337 

2  24. 167 

2  33.096 

40 

.109 

41 

1  25.363 

1  36.183 

1  45. 012 

1  64.842 

2 

4.672 

2  14.601 

2  24.331 

2  34.160 

41 

.112 

42 

1  25. 517 

1  36.347 

1  45. 176 

1  65.006 

2 

4.835 

2  14.666 

2  24.495 

2  34.324 

42 

.116 

43 

1  25.681 

1  36.611 

1  46.340 

1  65. 170 

2 

4.999 

2  14.829 

2  24.658 

2  34.488 

43 

.117 

44 

1  26.846 

1  36.674 

1  45.504 

1  55.333 

2 

5.163 

2  14. 993 

2  24.822 

2  34.652 

44 

.120 

45 

1  26.000 

1  36.838 

146.668 

1  66.497 

T 

X32r 

2  15. 156 

2  24.986 

2  34.816 

45 

.123 

46 

1  26.172 

1  36.002 

1  46.832 

1  65.861 

2 

5.491 

2  15.320 

2  26.150 

2  34. 979 

46 

.126 

47 

1  26.336 

1  3S.1S6 

1  45.096 

1  65.826 

2 

6.665 

2  15.484 

2  26.314 

2  36.143 

47 

.128 

48 

1  26.500 

1  36.330 

1  46.169 

1  56.989 

2 

6.818 

2  15.648 

2  26. 477 

2  36.307 

48 

.131 

49 

1  26.664 

1  36.493 

1  46.323 

1  66.163 

2 

6.982 

2  16.812 

2  25.641 

2  35. 471 

49 

.134 

50 

126.828 

136.667 

146.487 

166.316 

X 

6.146 

2  16.976 

2  26.805 

2  36.635 

60 

.137 

51 

1  26.992 

1  36.821 

1  46.661 

1  56.480 

2 

6.310 

2  16. 139 

2  26.969 

2  35.798 

61 

.139 

62 

1  27.155 

1  36.986 

1  46.816 

1  66.644 

2 

6.474 

2  16.303 

2  26.133 

2  36.962 

62 

.142 

53 

1  27.319 

1  37. 149 

1  46.078 

1  56.808 

2 

6.637 

2  16. 467 

2  26.297 

2  36.126 

63 

.146 

64 

1  27.483 

1  37.313 

1  47. 142 

1  66.972 

6.801 

2  16.631 

2  26.460 

2  36.290 

64 

.147 

5S 

1  27.647 

137.476 

147.306 

167.136 

T 

6.066 

2  16.795 

2  26.624 

2  36.464 

65 

.160 

56 

1  27.811 

1  37.640 

1  47. 470 

1  67.299 

2 

7.129 

2  16.969 

2  28.788 

2  36.618 

56 

.163 

57 

1  27.976 

1  37.804 

1  47.634 

1  57.483 

2 

7.293 

2  17. 122 

2  26.952 

2  36. 781 

57 

.156 

68 

1  28.138 

1  37.968 

1  47. 797 

1  67.627 

2 

7.467 

2  17.286 

2  27. 116 

2  36.945 

68 

.168 

60 

1  28.302 

188.132 

1  47.961 

1  67. 791 

2 

7.620 

2  17.460 

2  27.280 

2  37.109 

60 

0.161 

ijGoogle 


P«g»  644]                                        TABLE  8. 

ffidemi  into  Meui  Solar  lime. 

1 

» 

I7» 

18» 

1» 

mo 

ii" 

n> 

ttk 

ParMeoDd>| 

"o 

1 
2 
3 
4 
■5 
6 
7 
8 
9 

'2  37^273 
2  37. 437 
2  37,601 
2  37.764 
2  37.928 
2  38.092 
2  38.256 
2  38.420 
2  38.564 
2  38.  747 

2  47.' 102 
2  47.266 
2  47.430 
2  47.594 
2  47.W8 
2  47.922 
2  48.085 
2  48.249 
2  48.413 
2  48.577 

2  56.932 
2  57.096 
2  57.260 
2  57.424 

2  57. 587 
2  57. 751 
2  57.915 
2  58.079 
2  58.243 
2  58.406 

3    6.762 
3    6.925 
3    7.089 
3     7.253 
3     7.417 

3  16.591 
3  16. 765 
3  16.919 
3  17.083 
3  17.246 

3  26.421 
3  26.585 
3  26.  748 
3  26. 912 

3  27. 076 

3  36.250 
3  36.414 
3  36.678 
3"36. 742 
3  36.906 

'3  46!o80 
3  46.244 
3  46.407 
3  46.571 
3  46.735 

1 
2 
8 

4 

0 

003 
006 
008 
OH 

3     7.681 
3     7.745 
3     7.908 
3    8.072 
3    8.236 

3  17.574 
3  17.738 
3  17.902 
3    8.066 

3  27.240 
3  27.404 
3  27.568 
3  27.  731 
3  27.895 
3  28.069 
3  28.223 
3  28.387 
3  28.660 
3  28.714 

3  37.069 
3  37.233 
3  37. 397 
3  37. 561 
3  37.725 

3  46.809 
3  47.063 
3  47.227 
3  47.390 
3  47.554 

5 
6 

7 
8 
0 

014 
016 
019 
022 
026 

10 
11 
12 
13 

14 

2  38.911 
2  39. 076 
2  39.239 
2  39.403 
2  39.566 

2  48.741 
2  48.905 
2  49.068 
2  49. 232 
2  49. 396 

2  68.570 
2  58.734 
2  58.S98 
2  59.062 
2  69.226 

3    8.400 

3    8.564 
3    8.728 
3    8.891 
3    9.055 

3    8.229 
3    8.393 
3  18. 567 
3  18. 721 
3  18.885 

3  37.889 
3  38.052 
3  38. 216 
3  38.380 
3  38.544 

3  47.718 
3  47. 882 
3  48.046 
3  48.210 
3  48.378 

10 

11 

12 
13 
14 

027 
030 
033 
036 
038 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

2  30.730 
2  39.894 
2  40.068 
2  40.222 
2  40.386 
2  40.549 
2  40. 713 
2  40. 877 
2  41. 041 
2  41.205 

2  49.560 
2  49.  724 
2  49.888 
2  60.051 
2  60.215 
2  60.379 
2  60.543 
2  6a  707 
2  50.870 
2  51.034 

2  69.389 
2  59. 653 
2  59. 717 

2  59. 881 

3  0.045 
3    0.209 
3    0.372 
3    0.5.16 
3    0.700 
3    0.864 

3    9.219 
3    9.383 
3    9.547 
3    9.71C 
3    9.874 

3  19.049 
3  19.212 
3  19. 376 
3  19.640 
3  19.  704 

3  28. 878 
3  29.042 
3  29.206 
3  29. 370 
3  29.633 
3  29.697" 
3  29.861 
3  30.025 
3  30. 189 
3  30.353 

3  38.708 
3  38.  871 
3  39.036 
3  39.199 
3  39..'»63 

3  48.537 
3  48. 701 
3  48.866 
3  49.029 
3  49. 193 

15 
IS 
17 
18 
19 

041 
044 

tm 

049 
052 

3  10.202 
3  10.366 
3  10.530 
3  10. 693 

3  20.032 
3  20. 1H5 
3  20.369 
3  20.523 

3  39.691 
3  39.854 
3  40.018 
3  40.182 

3  49.356 
3  49.520 

3  49.684 
3  49.848 
3  50. 012 

20 
21 

22 
23 

24 

065 
067 
060 
063 
086 

26 
27 
28 
28 

2  41.532 
2  41.696 
2  41.860 
2  42,024 

2  51.362 
2  51.526 
2  51.690 
2  51.863 

3     1. 028 
3     1. 192 
3     1.356 
3    1.519 
3    1.683 

3  10. 867 
3  11.021 
3  11.185 
3  11.349 
3  11.613 

3  20.687 
3  20.861 
3  21.014 
3  21. 178 
3  21.342 

3  30.616 
3  30.680 
3  30.844 
3  31.008 
3  31. 172 

3  40.346 

3  40.510 
3  40.674 
3  40.837 
3  41.001 

8  50. 175 
3  60.339 
3  50.503 
3  50.667 
3  60.831 

26 
26 
27 
28 

29 

068 
071 
074 
078 
079 

30 
31 
32 
33 
34 

2  42.188 
2  42.362 
2  42. 515 
2  42.679 
2  42.843 

2  52. 017 
2  52.  181 
2  62.345 
2  52.609 
2  52. 673 

3    2.011 
3    2.174 
3    2.338 

3    2.602 

3  i  1.876 
3  11.840 
3  12.004 
3  12. 168 
3  12. 332 

3  21.606 
3  21. 670 
3  21.834 
3  21.997 
3  22. 161 

3  31;  409 
3  31.663 
3  31.827 
3  31.901 

3  41. 166 
3  41.329 
3  41.493 
3  41.657 
3  41.820 

3  60.995 
3  51. 158 
8  51.322 
3  61.486 
3  61.660 

30 
31 
32 

34 

082 
(»6 
0S7 
090 
093 
■096 
096 
101 
104 
106 

Tw 

112 
116 
117 
120 

36 
36 
37 
38 
39 

2  43.007 
2  43.m 
2  43.384 
2  43.498 
2  43.662 

2  52.836 
2  53.000 
2  53.164 
2  53.328 
2  53.492 

3    2.666 
3    2.830 
3    2.994 
3   -3.157 
3    3.321 

3  12.496 
3  12. 669 
3  12.823 
3  12.987 
3  13. 151 

3  22.325 
3  22.489 
3  22.653 
3  22.817 
3  22.980 

3  32.156 
3  32. 318 
3  32. 482 
3  32.646 
3  32. 810 

3  41.984 
3  42. 148 
3  42.312 
3  42.476 
3  42.639 

3  51. 814 
3  61.978 
3  52. 141 
3  62.305 
3  62.469 

35 
36 
37 

39 

40 
41 
42 
43 
44 

2  43.826 
2  43.990 

2  44.154 
2  44. 317 
2  44.481 

2  53.656 
2  53. 819 
2  53.983 
2  54. 147 
2  54.311 

3    3.486 
3    3.649 
3    3.813 
3    3.977 
3    4.140 

3  13.315 
3  13. 478 
3  13. 642 
3  13.806 
3  13.970 

3  23.144 
3  23.308 
3  23. 472 
3  23.636 
3  23.800 

3  32.974 
3  33.138 
3  33.301 
3  33.465 
3  33.629 

3  42.803 

3  42.967 
3  43. 131 
3  43.295 
3  43.459 

3  52.633 
3  62. 797 
3  62. 961 
3  63.124 
8  58.288 

40 
41 
42 
43 
44 

46 
46 

47 
48 
49 

2  44.648 
2  44.809 
2  44.973 
2  45. 137 
2  45.300 

2  54.638 

2  54.802 
2  54.966 
2  55.130 

3    4.468 
3    4.632 

3    4.796 
3    4.960 

3  14.134 
3  14.208 
3  14.461 
3  14.625 

3  14. 789 

3  24. 127 
3  24.291 
3  24.455 
3  24.819 

3  33.957 
3  34. 121 
3  34.284 
3  34.448 

3  43. 786 
3  43.950 
3  44.114 
3  44. 278 
■3  44.442 
3  44.606 
3  44.769 
3  44.933 
3  45.097 

3  63. 6IS 
8  63.780 
3  63.943 
3  64. 107 

46 

47 
48 

49 

126 
128 
131 
134 

50 
61 
52 
53 
54 
55 
66 
57 
58 
69 

2  45.461 
2  45.628 
2  45.792 
2  45.956 
2  46.120 
2  46.283 
2  46.447 
2  46. 611 
2  46.765 
2  46.939 

2  55.294 
2  55.458 
2  55.621 
2  55.785 
2  65.949 
2  56.113 
2  56.277 
2  56.441 
2  56.604 
2  56.768 

3    5.123 
3    6.287 
3    6.451 
3    5.615 
3    6.779 
■3-6:94T 
3    6.106 
3    6.270 
3    6.434 
3    6.598 

3  14.953 
3  15.117 
3  15. 281 
3  15.444 
3  15.608 

3  24. 782 
3  24.946 
3  25. 110 
3  25. 274 
3  25.438 
3  26.602 
3  25.765 
3  25.929 
3  26.093 
3  26.257 

3  34.612 

3  34.  776 
3  34.940 
3  36.104 
3  35.267 

3  64. 271 
3  64.436 
3  64.599 
8  64.763 
3  64.928 

50 
51 
52 
58 
54 

137 
139 
142 
145 
147 

3  15.772 
3  15.936 
3  16.100 
3  16.264 
3  16.427 

3  35:595 
3  35.769 
3  35.923 
3  36.086 

3  45.261 
3  46.425 
3  45.588 
3  45. 752 
3  45.916 

3  65.090 
3  65.254 
3  65.418 
3  65.582 
3  65.746 

66 
66 
57 
68 
59 

a 

160 
153 
168 
158 
161 

ijGoogle 


TABLE  8. 

[Pageeu    1 

Mwn  SoUr  into  ffidereikl  Time. 

i 

Tob8«dd©dtoftineMiUnieliiWrv«L                                                                       | 

i 

»                    1» 

» 

f 

4» 

f 

V. 

Ji 

For 

■econdi 

~ 

i™.  . 

«.. 

'm.. 

m.  t. 

m,    t. 

, 

, 

0 

0.000 

0    9.856 

O'  19. 713 

O' 29. 569 

0  89.426 

0  49. 282 

0  59. 139 

1    8.995 

0 

0.164 

0  10. 031 

0  19. 877 

0  29.734 

0  39.690 

0  49. 447 

0  69.303 

1    9.160 

1 

0.003 

0 

0.329 

0  10. 186 

0  20.041 

0  29. 898 

0  39.764 

0  49.611 

0  69.467 

1     9.324 

2 

.005 

0 

0.493 

0  10. 349 

0  20.206 

0  30.062 

0  39.919 

0  49.775 

0  69. 632 

1     9.488 

3 

.008 

0 

0.667 

0  10.514 
0  10.678 

0  20. 370 
-0-20T534" 

0  30. 227 

0  40,083 

0  49. 039 

0  69.796 

1    9.662 

4 

.Oil 

"6 

0 

0.8S1 

0  30.3i)l 

0  40.247 

0  50.104 

0  69.960 

1    9.817 

T 

^OU 

0 

0.986 

0  10. 842 

0  20.699 

0  30.555 

0  40.412 

0  60.266 

1    0.124 

1    9.981 

6 

.016 

0 

1.160 

0  11.006 

0  20.863 

0  30. 719 

0  40.676 

0  50. 432 

1    0.289 

1  10. 146 

7 

.019 

0 

1.314 

0  11.171 

0  21. 027 

0  30. 884 

0  40.740 

0  50.69; 
0  60. 761 

1    0.453 

1  10.310 

8 

.022 

0 

1.473 

0  11.335 

0  21. 191 

0  31.04S 
0  31. 212"^ 

0  40.9(M 

1    0.617 

1  10.474 

9 

.026 

io 

0" 

1.643 

0  11.  499 

0  21.356 

0  41.069 

0  60.925 

1  10.638 

io 

.027 

0 

1.807 

0  11.663 

0  21.520 

0  31. 376 

0  41.233 

0  61.089 

1    0.946 

1  10.802 

11 

.030 

0 

1.971 

0  11. 828 

0  21.684 

0  31. 641 

0  41.397 

0  51.264 

1     1.110 

1  10.967 

12 

.033 

0 

2.136 

0  11.992 

0  21,849 

0  31.  705 

0  41.561 

0  61.418 

1    1.274 

1  11. 131 

13 

.036 

15 

0 

2.S0O 

0  12. 166 

0  22.013 

0  31. 8G9 

0  41.726 

0  61.682 

I    1.439 

1  11.296 

14 

.088 

0 

2.464 

olOaT 

"0  22. 177 

0  32. 034 

0  41.890 

0  61.746 

1    1.603 

1  11.459 

15 

.041 

0 

2.628 

0  12.465 

0  22.341 

0  32. 198 

0  42.064 

0  61.911 

1     1. 767 

1  11.624 

16 

.044 

0 

2.793 

0  12. 649 

0  22.506 

0  32. 362 

0  42. 219 

0  62. 075 

1     1.932 

1  11.  788 

17 

.0*7 

16 

0 

2.967 

0  12.813 

0  22. 670 

0  32. 626 

0  42.383 

0  52. 289 

1     2.096 

1  11.962 

18 

.049 

19 

0 

3.121 

0  12.978 

0  22.834 
0  22. 9t(8 

0  32. 691 

0  42. 547 

0  62.404 

1     2.260 

1  12.117 

19 

.052 

20 

■o" 

3.285 

Tirnr 

0  32.856 

0  42.  711 

0  62.568 

1     2. 424 

1  12,  281 

20 

.066 

21 

0 

3.460 

0  13.308 

0  23. 163 

0  33.019 

0  42.876 

0  52.  732 

1    2.589 

1  12.445 

21 

.057 

22 

0 

3.614 

0  13.471 

0  23. 327 

0  33.183 

0  43.040 

0  52.  896 

I     2.753 

1  12.609 

22 

.060 

23 

0 

3.778 

0  13.635 

0  23. 491 

0  33.348 

0  43.204 

0  63.061 

1     2.917 

1  12.774 

23 

.063 

24 

0 

3.943 

0  13.799 

0  23. 656 

0  33.S12 

0  43.368 

0  63.225 

1     3.081 

1  12.938 

24 

.066 

25 

0- 

4.107 

0  13.963 

0  23.820 

0  33.  H76"" 

0  43.633 

0  63.389 

1     3.246 

25 

.068 

20 

0 

4.271 

0  14. 128 

0  23.984 

0  33.811 

0  43.697 

0  63.564 

1     3.410 

1  13!  266 

26 

.071 

27 

0 

4.435 

0  14. 292 

0  24. 148 

0  34.005 

0  43.861 

0  63. 718 

1     3.674 

1  13.431 

27 

.074 

28 

0 

4.600 

0  14.456 

0  24. 313 

0  34. 169 

0  44.026 

0  63. 882 

1     3.739 

1  13.596 

28 

.077 

28 

0 

4.764 

0  14. 620 

0  24. 477 

0  34.333 

0  44.190 

0  64.046 

1     3.903 

1  13.  759 

29 

.079 

^ 

0 

4.928 

"0  14.  786 

0  24.641 

0  34.498 

0  44.354 

0  64.211 

1     4.067 

TTsTgSr 

30 

~:^2" 

31 

0 

6.093 

0  14. 949 

0  24.805 

0  34.662 

0  44.518 

0  54.376 

1     4.231 

1  14.068 

31 

.085 

32 

0 

6.267 

0  16. 113 

0  24.970 

0  34.826 

0  44.683 

0  54.539 

1     4.396 

1  14,262 

32 

.088 

33 

0 

6.421 

0  16. 278 

0  26.134 

0  34.990 

0  44.847 

0  54.703 

1    4.560 

1  14.416 

33 

.090 

31 

0 

6.585 

0  15. 442 

0  26.298 

0  36.166 

0  46.011 

0  64.S68 

1     4.724 

1  14.581 

34 
36" 

.003 

35 

T 

6.760 

0  15.606 

0  26.463 

0  36.  319 

0  46. 176 

0  65.032 

1    4.888 

TTTTiT 

Tom 

36 

0 

6.914 

0  16.770 

0  25.627 

0  36.483 

0  46.340 

0  56.196 

1    6.063 

1  14.909 

36 

.099 

37 

0 

6.078 

0  15.936 

0  26. 791 

0  35.648 

0  46.501 

0  65.361 

1     5.217 

1  15.078 

37 

.101 

SB 

0 

6.242 

0  16.009 

0  25.955 

0  35.812 

0  46.668 

0  66.525 

1     6.381 

1  16.238 

38 

.104 

89 
40 

0 

6.407 

0  16.263 

0  26.120 

0  36.976 

0  46.833 

0  55.689 

1     6.646 

1  15.402 

39 

.107 

0 

6.671 

0  16. 427 

0  26.284 

0  36.140 

0  45.997 

0  65.853 

1    6.710 

1  15.566 

40 

.110 

41 

0 

6.736 

0  16. 692 

0  26.448 

0  36.306 

0  46. 161 

0  66.018 

1     5. 874 

1  15.  731 

41 

.112 

42 

0 

6.900 

0  16. 766 

0  26. 612 

0  36.469 

0  46. 326 

0  66. 182 

1    6.038 

1  15,895 

42 

.115 

43 

0 

7.064  ;  0  16.920 

0  26.777 

0  36.633 

0  46.490 

0  66.346 

1    6.203 

1  16. 069 

43 

.118 

44 

0 

7.228  1  0  17.085 

0  26. 941 

0  36. 798 

0  46.664 

0  56. 510 

1     6.367 

1  16.223 

44 

.120 

46 

■o" 

7.392  i  0  17.249 

"0277106" 

0  36.962 

0  46.818 

0  56. 675 

1     6.531 

1  16.388 

45 

.123 

46 

0 

7.567  I  0  17.413 

0  27. 270 

0  37. 126 

0  46.983 

0  66.839 

I     6,695 

1  16.562 

46 

.126 

47 

0 

7.721 

0  17.577 

0  27. 434 

0  37.290 

0  47. 147 

0  57.003 

1    6.860 

1  16.716 

47 

.129 

48 

0 

0  17.  742 

0  27.598 

0  37. 466 

0  47.311 

0  57. 168 

1    7.024 

1  16,881 

48 

.131 

49 

0 

8!049 

0  17.906 

"^oisroro 

0  27. 762 

0  37. 619 

0  47.475 

0  67.332 

1    7.188 
"1    7.353 

1  17.045 
1  17.209 

49 

.134 

60 

T 

-r2i4- 

"0-27:92f 

0  37.783     0  47.640 

0  67. 496 

60 

.137 

61 

0 

8.378 

0  18.234 

0  28.091 

0  37.947 

0  47.804 

0  57.660 

1    7.617 

1  17.373 

61 

.140 

62 

0 

8.542 

0  18. 399 

0  28.265 

0  38.112 

0  47.968 

0  67.826 

1     7.681 

1  17.638 

52 

.142 

63 

0 

8.707 

0  18.663 

0  28.420 

0  38. 276 

0  48. 132 

0  57. 989 

1     7.846 

1  17.702 

63 

.145 

54 

0 

8.871 

0  18. 727 

0  28. 684 

0  38. 440 

0  48. 297 

0  68. 153 

1     8.010 

1  17.866 

54 

.148 

65 

^ 

9.035 

0  18.892 

0  28.  748 

0  38.606 

0  4»r401 

0  58,317 

1    8.174 

1  18.030 

55 

.151 

66 

0 

9. 199  '  0  19. 056 

0  28.912 

0  38. 769 

0  48. 625 

0  58.482 

1     8.338 

1  18.105 

56 

.153 

67 

0 

9. 364     0  19. 220 

0  29,077 

0  38.933 

0  48.  790 

0  68.646 

1     8.502 

1  18.369 

57 

.156 

68 

0 

9. 528     0  19. 384 

0  29. 241 

0  39.097 

0  48.964 

0  58. 810 

1     8.667 

1  18.623 

58 

.159 

fie 

0 

S.  692     0  19. 549 

0  29.405 

0  39.262 

0  49. 118 

0  68. 976 

1     8.831 

1  18.688 

59 

0.162 

ijGoogle 


Fva  MSi                                        TABLE  9. 

Hu  SoUr  Into  Sidenol  miik 

1 

TabaxUMtoanmuitli 

melntcml. 

8^ 

•' 

l» 

IV 

1» 

lt> 

14k 

1»» 

Fot 

noonda, 

m. 

M.       $. 

m.    1 

n      I. 

■L       M. 

•.    t. 

«.     1. 

•.    (. 

^ 

0 

1  16.862 

T  JM.708 

I  3S.K6 

1  48. 421 

I  58.278 

2    8.134 

2  17.991 

2  27.847 

1 

1  19.016 

1  28.873 

1  38.729 

1  48.685 

1  68.442 

2    8.208 

2  18. 166 

2  28.011 

1 

O.O08 

2 

1  19. 180 

1  29.037 

1  38.893 

1  48.750 

1  58.606 

2    8.463 

2  18.319 

2  28. 176 

2 

.006 

S 

1  19.346 

1  29.201 

1  39.068 

1  48.914 

1  68. 771 

2    8.627 

2  18.483 

2  28.340 

3 

.006 

4 

1    ft609 

129.365 

1  39.222 

1  4A078 

168.636 

«    4  791 

2  18.648 

2  28.604 

4, 

.011 

•6 

T-STe-TS- 

1  29.630 

TOTTsse 

149.243 

1691009 

2    &6e6 

2  18.812 

2  28.666 

-6 

.014 

6 

1    9.837 

1  29.694 

1  39.550 

1  40.407 

1  50.263 

3    9.120 

2  18.076 

2  28.833 

6 

.016 

7 

I  20.002 

1  29.868 

1  39.715 

1  49. 571 

1  69.428 

2    9.284 

2  10. 141 

2  28.997 

7 

.019 

e 

1  BO.  166 

1  30.022 

1  39.879 

1  4fl.  736 

1  69.692 

2    6.448 

2  19.306 

2  29.161 

8 

.022 

9 

1  20.330 

1  30. 187 

1  40.043 

1  49.900 

1  69.756 

2    9.613 

2  19.469 

2  29.326 

9 

.025 

lo 

"O0.495' 

1  30.351 

1  40.207 

150.064 

1  59.920 

■2-r77r 

2  19.633 

2  29.490 

W 

"Tisr 

11 

1  20.669 

1  30.616 

1  40. 372 

1  50.228 

2    0.086 

2    9.941 

2  19.798 

2  20.^4 

11 

.080 

12 

1  20.823 

1  30.680 

1  40.536 

1  50.393 

2    0.249 

2  10. 105 

2  19.062 

2  29.818 

12 

.083 

13 

1  20.987 

1  30.844 

1  40.700 

1  50.557 

2    0.418 

2  10.270 

2  20.128 

2  29.083 

13 

.036 

4 

1  21. 152 

1  31.006 

I  40.866 

1  60.  721 

2    0.678 

2  10.434 

2  20.290 

2  30. 147 

14 

.038 

16 

I  21.316 

1  31.172 

1  41.029 

160.886 

2  10.698 

2  20.466 

2  30.311 

15 

.041 

S 

121.480 

1  31.337 

1  41. 193 

1  51.050 

2    o!906 

2  10.763 

2  20. 619 

2  30.476 

16 

.044 

17 

1  21.644 

1  31.501 

1  41.357 

1  51.214 

2    1.070 

2  10.927 

2  20.783 

2  30.640 

17 

.047 

18 

1  21.809 

1  81.665 

1  41.622 

1  51. 378 

2    1.236 

2  11.061 

2  20.648 

2  90.804 

18 

.019 

19 

1  21.973 

1  31.829 

1  41.686 

1  51.542 

2    1.309 

2  11.255 

2  21.112 

2  30.968 

19 

.052 

20 

12S.137 

1  31.994 

1  41.850 

1  61. 707 

2    1.563 

2  11.420 

2  21.276 

2  81.133 

20 

.066 

21 

1  22.302 

1  32.168 

1  42.015 

1  51. 871 

2    1.727 

2  11.684 

2  21.440 

2  81.207 

21 

.067 

22 

1  22.466 

1  32.322 

1  42.179 

1  52.035 

2    1.802 

2  11.748 

2  21.606 

2  81.461 

82 

.060 

23 

1  22.630 

1  32.487 

1  42.343 

1  52.200 

2    2.066 

2  11.912 

2  21.769 

2  3].Sffi 

23 

.063 

24 

1  22.794 

1  32.661 

142.607 

1  62.364 

2    2.220 

2  12.077 

2  21.933 

2  31.790 

24 

.066 

Se 

122.960 

182.816 

1  42. 672 

2    2.386 

2  12.  241 

2  22.008 

2  31.684 

ffi 

20 

1  23.123 

1  32. 979 

I  42.836 

1  52!  692 

2    2.549 

2  12.405 

2  22.262 

2  32. 118 

2S 

!071 

27 

1  23.287 

1  33.144 

1  43.000 

1  52. 867 

2    2.713 

2  12. 570 

2  22.426 

2  32.283 

27 

.074 

2S 

1  23.451 

133.308 

1  43.164 

1  53.021 

2    2.877 

2  12.734 

2  22.590 

2  32. 447 

28 

.077 

26 

1  23.616 

1  33.472 

143.329 

1  53.185 

2    3.042 

2  12.898 

2  22.755 

2  32.611 

29 

.079 

30 

1  23.780 

1  33.637 

1  43.493 

1  63.349 

2    3.206 

2  13.062 

2  22.919 

2  32.  775 

30 

.062 

31 

1  23.944 

1  83.801 

1  43.657 

1  63. 614 

2    3.370 

2  13.227 

2  23.083 

2  32.940 

31 

.066 

32 

1  24.109 

1  33.966 

1  43.822 

1  53.678 

2    3.534 

2  13. 391 

2  23.247 

2  33.104 

32 

.068 

83 

1  24.273 

1  34.129 

143.986 

1  63.842 

2    3.609 

2  13.665 

2  23. 412 

2  33.268 

33 

.OOD 

34 

1  24.437 

1  34.294 

1  44.160 

1  54.007 

2    3.863 

2  13. 720 

2  23. 576 

2  33.432 

34 

.093 

% 

1  24.601" 

1  34.458 

1  44.314 

1  54. 171 

2    4.027 

2  13.884 

2  23.740 

2  33.597 

SS 

.096 

36 

124.766 

1  34.622 

1  44. 479 

1  64.336 

2    4.192 

2  14.048 

223.606 

2  33.761 

36 

.000 

S7 

1  24.990 

1  34.786 

1  44.643 

1  54.400 

2    4.366 

2  14. 212 

2  24.069 

2  33.626 

37 

.101 

38 

I  26.004 

134.951 

144.807 

164.664 

2    4.520 

2  14. 377 

2  24.233 

2  34.090 

38 

.104 

39 

1  2S.259 

1  36. 116 

144.971 

1  64.828 

2    4.684 

2  14.641 

2  24.397 

2  34.254 

.107 

45 

12S.423 

136.279 

146.136 

154.992" 

2    4.849 

2  14.705 

2  24.562 

2  34.418 

40 

TlflT 

41 

126.687 

1  35.444 

1  45.300 

1  55.166 

2    6.013 

2  14.869 

2  24. 726 

2  34.582 

41 

.112 

42 

1  26. 751 

1  36.606 

1  46.464 

1  66.321 

2    6.J77 

2  15.034 

2  24.890 

2  34.747 

42 

.116 

43 

1  25. 016 

1  36.772 

146.629 

165.485 

2    6.342 

2  16. 168 

2  25.054 

2  34.911 

43 

.118 

44 

26.080 

1  36.936 

1  45.793 

1  55.649 

2    5.506 

2  15. 362 

2  25.219 

2  36. 075 

44 

.120 

^ 

26.244 

1  36. 101 

1  45.967 

1  65. 814 

2    6.670 

2  16.627 

2  26.383 

2  35.239 

46 

-7m 

46 

26.408 

1  36.266 

1  46. 121 

1  65.978 

2    6.834 

2  15. 661 

2  26.647 

2  36.401 

46 

.126 

47 

1  26. 673 

1  36.429 

1  46.286 

1  56.142 

2    5.999 

2  15.856 

2  25.  712 

2  35.568 

47 

.129 

4S 

1  26.737 

1  36.593 

1  46.450 

166.306 

2    6.163 

2  16. 010 

2  25. 876 

2  35.  732 

48 

.131 

49 
60 

126.901 
127.066 

1  36.768 
"1  36.922 

1  46-614 

1  56. 471 

2    6.327 

2  16. 184 

2  26.040 

2  36.897 

49 

.  34 

1  56.635 

2    6.491 

2  16.348 

2  28.204 

2  36.061 

50 

.  37 

61 

1  27.230 

1  37.086 

1  48.943 

166.799 

2    6.666 

2  16.612 

2  26.369 

2  36.226 

61 

.   40 

62 

127.394 

1  37. 251 

1  47. 107 

156.964 

2    6.820 

2  16. 676 

226.633 

2  36.386 

62 

.142 

63 

127.558 

1  37.416 

1  47.271 

1  57. 128 

2    8.984 

2  16. 841 

2  26.697 

2  36.554 

53 

.146 

54 

127.723 

1  37.679 

1  47.436 

1  57.262 

2    7.149 

2  17.006 

2  28.861 

2  36.718 

64 

.148 

6S 

Tsrm- 

137.743 

147.600 

1  67.456 

2    7.313 

2  17. 160 

TzTm- 

2  36.888 

66 

-nsT 

66 

1  28.051 

1  37.908 

1  47. 764 

1  57.621 

2    7.477 

2  17.334 

2  27.190 

2  37.047 

66 

.163 

67 

1  28.216 

1  38.072 

1  47.928 

1  57. 785 

2    7.641 

2  17. 498 

2  27.364 

2  87. 211 

67 

.166 

68 

]  28.380 

1  38.236 

1  48.0M 

1  57.949 

2    7.806 

2  17.662 

2  27.616 

2  37.376 

68 

.160 

59 

1  28.644 

1  36.400 

148.257 

1  68. 113 

2    7.970 

2  17.826 

2  27.683 

2  37.639 

69 

a  162 

r>' Google 


TABLE  9.                                          [Pag«  847   | 

Ueaa  Solar  into  Sidere&l  tisw. 

i 

TobaxUedtokmouitlmolnterral.                                                                      1 

im 

il* 

18» 

Itk 

M> 

h' 

ifl> 

n> 

PoTieaoiidJ 

■•, 

a.     I 

n.     ». 

m.     I 

n       t. 

m.     t. 

m.     t. 

m       t 

m.     t 

, 

J 

0 

2  37.'7(M 

2  47.660 

2  57.417 

S    7.27S 

3  17. 129 

3  26.986 

3' 36.842 

3  46.699 

J 

2  37.868 

2  47.724 

2  67.681 

3    7.437 

3  17.294 

3  27.150 

3  37.007 

3  46.863 

1 

0.003 

2 

2  38.032 

2  47.889 

2  67. 746 

3    7.602 

3  17.468 

3  27. 315 

8  37. 171 

3  47.027 

2 

.006 

3 

2  38.196 

2  48.063 

2  57.909 

3    7.766 

3  17.622 

3  27.479 

3  37.335 

3  47. 192 

3 

.008 

4 

T 

2  38.361 
2  38.526 

2  48.217 
2  48.381 

2  68.074 
2  68.238 

3    7.930 
3    8.094 

3  17.  787 

3  27.643 

3  37.500 

3  47.356 

4 

.011 

3  17.951 

3  27.807 

3  37.664 

3  47. 520 

T 

.014 

6 

2  36.689 

2  48.546 

268.402 

3    8.259 

3  18. 116 

3  27.972 

3  37.828 

3  47.686 

6 

.016 

7 

2  38.854 

2  48.710 

268.566 

3    8.423 

3  18.279 

3  28.136 

3  37.992 

3  47. 849 

7 

.019 

S 

2  39.018 

2  48. 874 

2  68.731 

3    8.587 

3  18.444 

3  28.800 

3  38. 167 

3  46. 013 

8 

.022 

9 

2  39. 182 

2  49.0S9 

2  68.896 

3    8.751 

3  18.608 

S  28.464 

3  38.321 

3  48. 177 

9 

.025 

15 

iSSi.646 

2  49.203 

2  59.059 

3    8.916 

3  18.772 

8  26.629 

3  38.465 

3  48.342 

lo- 

-.■627 

11 

2  89. 611 

2  49.367 

2  69.224 

3    9.080 

3  18.937 

3  28.793 

3  38.649 

3  48.506 

ll 

.030 

12 

2  39.675 

2  49.B31 

2  59.388 

3    9.244 

3  19. 101 

3  28.967 

3  38. 814 

3  48.670 

12 

.033 

13 

2  39.839 

2  49.696 

2  59.552 

3    9.409 

3  19.265 

3  29. 122 

3  38.978 

3  48.834 

13 

.036 

14 

2  40.003 

2  49.860 

2  59.  716 

3    9.673 

3  19.429 

3  20.286 

3  39.142 

348.099 

14 

.038 

16 

2  40.168 

2  60.024 

2  59.881 

3    9.737 

3  19.594 

3  29.450 

3  39.307 

3  49. 163 

l6 

.041 

10 

2  40.332 

2  60.188 

3    0.046 

3    9  901 

3  19. 758 

3  29. 614 

3  39. 471 

3  49. 327 

16 

.044 

17 

2  40.496 

2  60.363 

3    0.209 

3  10.066 

3  19.922 

3  29. 779 

3  39.636 

3  49. 492 

17 

.047 

18 

2  40.861 

2  50.617 

3    0.373 

3  10.230 

3  20.086 

3  29.943 

3  39.799 

3  49.666 

18 

.049 

19 

2  40.826 

2  50.681 

3    0.638 

3  10  394 

3  20.251 

3  30.107 

3  39.964 

3  49.820 

19 

.062 

^ 

2  40.989 

2  60.846 

"^3    0.702 

3  10.659 

3  20.416 

3  30.271 

3  40.128 

3  49.934 

20 

.065 

21 

2  41. 163 

2  61.010 

3    0.866 

3  10. 723 

3  20.579 

3  90.436 

3  40.292 

3  50. 149 

21 

.067 

22 

2  41.318 

2  61. 174 

3    1.031 

3  10. 887 

3  20.744 

3  30.600 

3  40.456 

3  50. 313 

22 

.060 

23 

2  41.482 

2  61.338 

3      .196 

3  11.051 

3  20.908 

3  30.764 

3  40. 621 

3  50. 477 

23 

.063 

24 

2  41.646 

2  61.608 

3      .369 

3  11.216 

3  21.072 

3  30.929 

3  40.785 

3  60.642 

24 

.066 

m 

2  41.810 

2  61.667 

3      .523 

3  11.380 

3  31.093 

3  40.949 

8  50.806 

ffi 

.068 

26 

2  41. 976 

2  61.831 

3    1.688 

3  11.644 

3  21^401 

3  31. 267 

3  41.114 

3  50. 970 

26 

.071 

27 

2  42.139 

2  61.995 

3    1.852 

3  11. 708 

3  21.566 

3  31.421 

3  41.278 

3  51. 134 

27 

.074 

28 

2  42.303 

2  52.180 

3    2.016 

3  11.873 

3  21. 720 

3  31.586 

3  41. 442 

3  51.299 

28 

.077 

29 

2  42.468 

2  62.324 

3    2.181 

3  12.037 

3  21.893 

3  31. 750 

3  41.606 

3  61.463 

29 

.079 

30 

"2"S:63S 

2  52.488 

3    2.346 

"3  12.201 

3  22.068 

3  31.914 

3  41.771 

3  61.627 

30 

.082 

31 

2  42.796 

2  52.663 

3    2.609 

3  12.366 

3  22.222 

3  32.078 

3  41.935 

3  51. 791 

31 

.085 

32 

2  42.960 

2  52. 817 

3    2.673 

3  12.530 

3  22.386 

3  32.243 

3  42.099 

3  51.966 

32 

.088 

3S 

2  43. 125 

2  52. 981 

3    2.838 

3  12.694 

3  22.551 

3  32.407 

3  42.264 

3  52. 120 

33 

.090 

34 

2  43.289 

2  63.145 

3    3.002 

3  12.856 

3  22. 715 

3  32.671 

3  42. 428 

3  52.284 

34 

.098 

ss 

2  43.453 

2  63.310 

3    3.166 

3  13.023 

3  22.879 

3  32.736 

3  42.5B2 

3  52. 449 

36 

-oorf- 

S8 

2  43.617 

2  63.474 

3    3330 

3  13. 187 

3  23.043 

3  32.000 

3  42.756 

3  52. 613 

36 

.099 

37 

2  43.782 

2  63.638 

3    3.496 

8  13.361 

3  23.206 

3  33.064 

3  42.921 

3  52. 777 

37 

.101 

38 

2  43.946 

2  63.803 

3    3.669 

3  13  515 

3  23.372 

3  33.228 

343.085 

3  62. 941 

88 

.104 

39 

2  44.  no 

2  53.967 

3    3.823 

3  13.680 

3  23.536 

3  33.393 

3  43.249 

3  63.106 

39 

.107 

40 

2  44.276 

2  54.131 

3    3.988 

3  13:844" 

3  23. 700 

3  33.557 

3  43.413 

3  53. 270 

40 

"aio 

41 

2  44.439 

2  54.296 

3    4.152 

3  14.008 

3  23.865 

3  33. 721 

3  43. 678 

3  63.434 

41 

.112 

42 

2  44.603 

2  54.460 

3    4.316 

3  14. 173 

3  24.029 

3  33.886 

3  43.742 

3  68.698 

42 

.116 

43 

2  44. 767 

2  54.624 

3    4.480 

3  14.337 

3  24. 193 

3  34.050 

3  43.906 

3  63.763 

43 

.118 

44 

2  44.932 

2  64.788 

3    4.645 

3  14.  .Wl 

3  24.368 

8  34.214 

3  44. 071 

3  53.927 

44 

.120 

46 

2  46.006 

2  64.962 

3    4.809 

3  14.666 

3  24. 522 

3  34. 378 

3  44.235 

46 

.123 

46 

2  46.260 

2  55.317 

3    4.973 

3  14.830 

3  24.686 

3  34.543 

3  44.399 

3  54.286 

46 

.126 

47 

2  46.426 

2  65.281 

3    5.137 

3  14.094 

3  24.860 

3  34.707 

3  44.663 

3  54.420 

47 

.129 

48 

2  45. 589 

2  66.446 

3    6.302 

3  15. 158 

3  25. 016 

3  34. 871 

3  44.728 

3  54.584 

48 

.131 

49 

2  45.  753 

2  56.610 

3    5.466 

8  16.322 

3  25. 179 

3  35.035 

3  44.892 

3  54.748 

49 

.134 

So 

2  45. 917 

2  56. 774 

3    5.630 

3  1S.487 

■325.343 

3  36.200 

3  46.066 

3  64.913 

» 

.137 

61 

2  46.082 

2  56.938 

3    5.795 

3  16.661 

3  25.508 

3  35.364 

3  45.220 

3  65.077 

61 

.140 

62 

2  46.246 

2  56.102 

3    5.959 

3  15. 816 

3  25.672 

3  36.528 

3  45.385 

3  55.241 

52 

.142 

63 

2  46. 410 

266.267 

3    6.123 

3  16. 980 

3  26.836 

3  36.693 

3  45.549 

3  55.405 

53 

.145 

64 

2  46.674 

2  56.431 

3    6.287 

3  16. 144 

3  26.000 

3  35.857 

3  45. 713 

3  55. 570 

54 

.148 

66 

2  46.739 

2  56.696 

3    6.452 

3  16.308 

3  26.165 

3  36.021 

3  45. 878 

65 

.151 

56 

2  46.903 

2  56.759 

3    6.616 

3  16.472 

3  28.329 

3  36.165 

3  46. 012 

3  55!  898 

56 

.153 

57 

2  47.067 

2  56.924 

3    6.780 

3  16.637 

3  26.493 

3  36.350 

3  46.206 

3  56.063 

67 

.156 

68 

2  47.232 

2  67.088 

3    6.944 

3  16.801 

8  26.667 

3  36. 514 

3  46. 370 

3  56.227 

58 

.159 

B9 

2  47.396 

2  57. 252 

3    7.100 

3  16.965 

3  26.822 

3  36. 678 

3  46.635 

3  66.391 

69 

0.162 

ijGoogle 


P>g«M8J 


3  1 
ll 


TABLE  10. 
Meui  Time  of  Sou's  Visible  Rising  and  Setting. 


idaUioUictiio  idaoidaitdUnttiiii 


:SSSSS3$SSS,SS3S9S3SS:! 


:S8ES$S3S$S:«S!;Sg=;$Se  = 


eSSESSSSSCSiS&XSESS^n?; 


ESiESSSSSKS  $g$SSS9=3: 


$!3SSSSX!SSS 


ilESZSSSSSSS  !;=$!3339::3; 


Sa!33SSSSa389 


SSSIISilSSSfi  SSSSSgSSSi&SS 


eSSS^E^SKS^  ?iS:!3SSSS!i!33SS 


KSSSSZS^^SSS^SS^SSESU^^S 


S3l;£!BSZ9Sa  ^SSElSSSISSSSa 


iSSS^SSSeSS  %S9S3IS«Ssl;: 


3SaSS£SS%£  ^^S^SS^gSSSKS 


eSSSSSSSSSS  $S$S«SSSS3: 


«^3'3S=;i^SSs::;|SS^SS^gSSSSS 


E!85SSZSS3SS  $S!:gSS3SX: 


s:!32s;:s;£ssb:;ssisaxss?!s!s 


!S§S3?S  $SS&3S3S3S 


e'zs3sss3sss:$$e&9scs$^ 


eS8Z9333SSS;3SSS3S9SC£ 


isssszzs'sss 


S&E&SS3S9S  93!;SS»SS3:=  329S$S3SSS%a 


isz-SSSS:sSi9 


3:;3252ssss  s2a::S2S8aaaa 


3=:339ss:3;?s  ssa!:;£!s&?;3iss!: 


ss3«2?3!33  ssssESssssasa 


e£S£SS8SSSS:XSSS!g8SS£S, 


?aS253  tS52SSS£3K3S 


t£S38E;$SSS&  SSZSZSSS3S  3;3SSE:iSa33 


(3SX8K&&&ES  SS£SIE8ZSZ£ 


g^snsssszs 


i2SSS3&S&SSkSESSS£S£^ 


ess3ssssssssssss;s: 


S^ZSZSSSSS 


S:88SSSSSSSs:s=;i 


sss:;s:e=;e£S£ 


=zaz::z3233:9 


ssssKsssaasss 


r>' Google 


„Google 


PageUOl 


TABLE  10. 

HMn  TtaM  of  Son's  VMble  BUhk  Md  Settiiv. 


S7dv 


..TRt   I 


;)    9    9   3    9 


MaiHidMideiinBiid  MoicjiripddriiidMi^niriEdnBitdBfideilco  ididBiidBiideJ^tiai 


rfSXasasscaa 


sssszsse&znssasEss&s^ 


■!t:St$SaSS9»9 


8SSZ82S88SbS9338«Sa& 


i!saE;ai3a8»s9 


g8C38tI»8?ISR3 


^csxsisassss 


E3SSS3SSIJ&S  8SSS889)S9S 


^3::SSSf:SS8S 


SS8Sa8SSS$ S3S38SSES8 


l$«S8$8St;^SS 


SSZSSSKaaa  SE3i:S!9KS9St; 


riSS8SS3!S&«8 


Qsssx^sssst^^assssscss 


^SS8SX8SS38 


S&S39S8SSSB!^8XEi$;!SSaS 


1{838ISSESSSS  SSS8%S«S9SUtSSSSE3SSSa 


^eSSSSSSS2£E2SSS8S8S$S=:3SSS&3Sf] 


liS«SSSSSS8S 


rfs$S4S9S3?:« 


^a;&sssi3S3ss 


riSSRSSSa&KS 


itKssasssxas 


I<«S9!S3:S3IS9!S 


riSa8a3EIS!]9» 


ifzsssssssa^ 


tfSSSSSSSS&S 


^Sa8!38!]8S89 


(joiBJaiaialBiiideJa  linBitad^ti^ti^ 


^ 


3    S    S    Z   S 


ilsaaaffli 


3S38SS93tt!! 


Xaua  E932388S338 


SS: 


ISS98«S9SSffi&38«e39SS 


ajsassa&ssx 


tss;:nss^ss9 


sgftsssKsas 


IR8aSE;aSS3^SS«&«88SS 


S89SS9S8S8a 


S8Sg88988S 


i«3338ZS98 


Sa2SSS33:&3 


£SKfl!)S8!iS3 


sssES2sszss$98cas93S  ssss^sasfta 


lfS939S«S9S9  SSSSSS8SS8«S8888SS9E 


3!:S98S&88Z  8SSS88&8S8 


S3S3SSS9SSKSSZS8SS88  S8£SSSSSS: 


!]3fi48ais3£:«  sssasss^fz 


RKSCSaaSH? a9S33«SSS9 


^tsssussssaa  8ssx88a8s&  caass^asnav  s^s^^vssss 


tf9S3K3K8R)SR{lS8E:aSSSi338USXaSS&8S8SK3!t9lS98sa$ 


|S8SSIiSS88Z|3SS88t:i 


9S9K3E;989aB8SSIiSS88Z  3SS88t:88!)8 


|«8789i:9a« 


9S!saSS««9«r$i8789i:9a«8 


asszEasR  sa8a9Ei9S9S  sssssassst: 


&S8^S^SCiS9S££9: 


sssssssagsbssssssss: 


ieJnUaieJi 


Sf39S838Sa8 


S&9Si;!!3S3S 


Z2Z8S8SSSa 


r>' Google 


TABLE  10. 
«  of  aon'B  VUble  Biaiiig  and  eettlng. 


[FiVeeU 


I 
I 

■I  ^ 
ll 
f 

1 

I 

i 
I 

i 

I 
I 
1 


TolFlT 


9S9S9S3S9S  9S9S9S989S38 


1| 


^9&«£S£eE9E»£«£3S9£9S3S9S9S9SeSpSSS9S9S3S9S 


iSSSSSSSSSSeSiSZSSSSSS  9S«S32S89S  98?S$898933S 


!^!: 


:S8S«5S3S8S|s888S8S8S5gs9S«S983S|38! 


8SS9S9S!;S!;8 


SSS8SSSSSS^SSSE8SSS8te898«8S393|9398!;8SSS8C8 

i 


iSS8SSS88S8^SS8S8S3SSe8383S9S3SHS9&E;&SS!;8«8 


28ZSSSSS2Sg8£SS23SS8lS83S9&9&«S^SSS«3«8«39S 


;88i88ZSZSS5^8S83S3SSS^BS89S«S9sb3S;;«;j: 


S383S3IS8X8  88S&8&38: 


IS&8&3SS8gsSS«S^S9£3|^^!;S93333S: 


^E8B8S8S8iS&te$SSSSS83SgsSa«9«5«2|e3SSSS3S«^3l 


'E8S8S8S&SSg83S3SSaSS|saSSS:9S«sbsS£i^ 


i9S3S93Sa 


S8SSS8SS8SgS3SSS8SSSbs3S9aSSSf:bsS23a7a3!3«a 


'S&S83SS9S3teaZaSS89ZSbS8S9£:«S!;a^S9s: 


9S9s«!]9a!9a98 


S88SSS&S8se9Z3Z3SSSS 


■■'■'■"-I"'— '«■ 


EI«tI3J!!)aSl8«& 


!88S2;3saBS^3i8sssa&ss|839a9a«a«a^8«8Sssiss8aa 


'S8SSZSS3ES|8SSSS!:8988tea«a9S«X$AbK3S9SS8SaKH 
'8SS;:SSSSE3|SSS£;S382Sa|SflSS5S$89RbS9S3S88SS8IS 


ISsaSSS=;E9|SSSSSSSaSal3S$8«S9E:3a|S9S388SS888S& 


SZSS8ES8t3piS?S«(3Xt9SSbsSS8888li888 


^ 


'8S89SSSa8Si858S8ElSa«SJ«S«E;«tB9eSSl«8SX88a&a8il3 


;ssg8sx88a&a8ii: 


8S83SSESSS^SSS8S«a9sb83t:98«SS8^8ESS&8SS9Sa 


^S88SSSe3SS^£S2Sa9a«K|989EiaS«S88|SSSS8SSSSSt:9 


'SS8SESSS8SBSS£:9S«E]XR9S9KSSES888K388SS8a8939 


l88SSSte9CS«S«S9s|S!]Sa88Z!S»8te8l 


:8SS88aSEt9S9 


^nriodtJtD^oididWnBJedAJdejioejnUcd^codaiEdnPJaitfcdaJiiiaJaiajisaJc^rid 


r>' Google 


Fsgefl 


•,17«  , 


Si' 

If 


h 


,o1?.y    |» 


TABLE  10. 
Kma  lime  of  Son's  Vimbl«  Blring  mnd  Setting. 


«mgjcoCJded<^gd<^UEcMa>aimeJs^ailsi!aia9idpj(d^n(jaibi3)piaicdi£Bi3iMn 


^$89S3S3S$s;3SSESS3&3&NS&9&«&«g9& 


|92929S$2$S|$3!;S!;SI;8C8^8«S«S«8«8!S89S«S«S«S 


5!;g bSSSSS«S«S  S89S933335  33T89S3S98 


&3i;S«S$3$S«SS£«S9SSSp&3&3&!>S9S|S£9£:;39S$S 


ssaasasss 


7sSS8»S«SS8^g5siM898§S«Sa33S52|«2; 


tf$;:3=;3S33QI=|9SS2;;93S3s|ftSSBE:SStiStS3|S!»SSSi3S;]8S 


I^SSS393tlS«SbS3^SSK3S!;B8CaS!]X8lSS3SS;SE3»K8St:; 


'^!)S9E:iil!:9S32J«SS8esi;»CSbxiSXZl9Z8SSJ^SsasSSSI$8 


W'. 


i9S!iS9a^si9»sssus»ass\sti*»tiaaaaa%u9et4ZHiina 


ig: 


rititasnsflesssiiSssssxssBtesssaiisasxkssKasasss 


itesssansasx^s: 


i; 


tf9!t8liSS&aX8SSX8SSSX88!tl£aBlia89S9| 


ts 


9|^3E3S2$: 


«8t)Sa&SSSSS|xXSSS)i81Sf>eb9)1333tl«!l«jS$S9!:;S3SS3 


$ 


$J 


licssKasssss  e8S9S9!s«s3  R«fl9a«ssssrs3sa;:33se8 


ttessa; 


iES««8l&S88«|89SS«9X1tl9ljS9as9SSZ3:8tesS8S8SSS8 


lESSS«89a3»«|!iCS3!3883SSbsS£S8::3SZ^S5«8S8^8S 


^8989D3t:9S9|t33RS88!SSSsbS38SSS8S&|8Ssa3:;SSZ2 


#ti3S«S3!1«a5[sSSS2SSSS5|83SSSSSSSs|sS3SSE;9SS8 


t^\ 


<SSt]&a«23!:SPSSSS8S88:|S8S883gSZSlS23El«S3!;$8 


!p 


^^* 


riasassssssspsssssssss  8Sssss3SS5bs7s;(:ass8 


cS«SS39aS3SBS8SS8S5S8teSZSsgSS«S«a$S&i;3SSa 


tlss; 


^ 


aicdM<^>d°t(Jci!ai<i)  U<>i  Pilled  aic4  a!  (didU<dtJtfojiE  Bided  oiUddEd  (4  ilejsitf  B 


r>' Google 


TABLE  10.                                          [Page  en 
Heu  Time  of  Bun's  Viaibl«  Ruing  sad  Setting. 

i 

i! 

^1 

i^ 

o  3    S!    5   «    S 

i-iiit 

2    3   3   3   8 

8    E    S   3   8 

,.^s,^ 

i' 

aJ«rinnirdeloid« 

.J<dM«ai«aio>Bi<i> 

' 

s 

S£$SgSSgS£«S 

SS38SS!88!S8 

8 

I838989S9S 

333agg3sg8 

ssssssa&ss 

S 

3SSS3SSSSS 

=>— — ■°-"» 

S 

i9S9ss::sssn 

S9&3R=:ssas 

!3SSSSPi1gSS3 

sasaassass 

a 

^aassssssss 

ssssasasiia 

^SasaSS!3»!3S 

ssssRssssas 

£:S8S*8SSSS 

^asicssisssss 

!3XSSSSS&£;£ 

£93S2giSSSS 

^EissasiiKK!;;; 

ssaxasisess 

2S2525SJ3S 

iSiiSXSSSSSS.^SS^S^f::^'^^ 

3SEJS25S3BS 

8S8&3SS38S 

' 

iSbSSS9S^Z^ 

£Sa'S352SSS 

SS£3S&33S£] 

233S32SZ&S 

S38S5S3SSS 

S8E295«E9a 

s 

rfSSS92S33aa 

S2SSS28S8S 

SSKSSSZSza 

ss^s^sisssa 

:; 

i'zssassssss 

&S8g8S88S& 

sssasa^ssa 

3ass$:asss!3& 

s 

3£5SSSS:JZ=; 

SS9S!8a98SS 

ssssasaaiEis 

! 

Sa!i)S$IS&SSS 

assan^sssa 

s 

riS338SS3S&S 

SS3^9S!;S$S 

^assssssss 

S¥SSSSSaS3 

• 

(3S3SSSSSSS 

ss^s^s^ass 

8S8S89S9^9 

SS2SB8SSES 

- 

rfS2E£3ESS5a 

$S9S$ESS^S 

83R9fiSSZaE 

sssssaxssa 

. 

^SS^%UU:!S^ 

»«E3SSSSSS8 

sssssa^a?^ 

t 

a 

iiZei3s$E;?3$s 

S8»8S9SSS8 

2332S88S8S 

s&sssa&ass 

s 

^5S?S5sasas;s5a«s9assa 

assssssasa 

sissass^^aa 

5 

SSaS2S3SSg;S883S2Sa5S 

SB3Sa«2a88 

S 

isssss^s^n^ 

23SS?2SS8S 

a^assassss 

SS!a?3E88Ea 

- 

ii3sass9E::!;::2 

2S8S3SS8a2 

sssaaaasas 

2s=!ag83a9a 

i 

s 

1 

esSs$S!PS!;S:^ 

sssssssss:: 

$3SSSK»&23 

2SSS8S*SS« 

^.c- .,.,. 

.„-;f. 

1^ 

dmcii£ti,6=iwt6m 

McdcJ^Mojaiaiaioi 

cdolBiodaJoJBJidpiiii 

^m'aioiMnMaicriai 

S» 

o  ■s'TTTir|TTTTT 

"i^^TlTiS" 

r>' Google 


PM«e«64] 


loPi^r  I 


^1 


Biddy    S« 


TABLE  10. 

Unn  lime  of  Son's  Viable  Kdng  mhI  Settang. 


iUc^MaSBJ' 


lS3SSSgSS&3SB33SSSSSSS:]9SSSgS9SS|S8aS3!iSS8SS8 


33LS3!Z=S3SS 


i^999^^'99^t 


[39gS?$3X3:«  %9«;3S?SSK|SSSSZ1IS£;sK  SSSSSiSSSSSSS 


e99^%99S33:9 


fSS;9$$SSl; pS33SI3SIIS£S  S3SSSSSRS3SS 
E933«^$$«;«S9SS!:S$SSS!J2SSSSSX3S3SaESSSS;3SE::SS 
(3  S  S  S3  S5  9  5  5 '«5355SSS8BaSEisisSs|gS8aESassa8R' 


^S9g!;S¥SI353J3;!SSSI«7tS3$a  SSSS^JSE^SSS  :;XSaSE3&SS828 


tf  3  93  S  $  «  3$  I«  ISS  $  »¥  St!;  Q  93 


|{g3$$$S3?7$|««33:$9!;393  3333SSZilSS 


sszas^sasase 


^33933$!)  !;3S,5$33«3S7$3i99$;;SgE3:gs[SSS83CZSSlSS8 


^983333393!: [3S33$3SS93  33333323£3 


e!JS337«T33$,333C33!;S33 


3333:33S3S!? 


ri3E3S3IS333«  93«3$!;3SSS 
^XSXZ3£3S3S  3S3SS3t;3«9 


33333333SS 


tf383S33$S$S 


!;E!;£3s  3Z333S3333  S3S333S3S3ZS 


!ls3CZSSSSa&8 


S23SSSSZ&3I: 


S333sgS333S3 


S3:S«ZS5$SS33 


^3ZSS3S3SSS,SSSSi;&S;S3S;{32323£3E3E|3S3S3S3S. 


iJi;S!;::!;Z!;2!;zl%ZSZ3S3S3Z,923S3S3 


3£3S9S3S333S 


l3g3S3S$S3S!3S3;S3S3S3S 
e3S3S3S3S3S3S$; 


3S3S$£3Z$Z 


3Z3Z339Z3Z$3 


S3S3S$£3S9S 


9S$S3SS89S9S 


iaiciSEo  KaaamlimtCxtiio 


KoiKaSodaiSaiMai  £ 


ijGoogle 


,,17„ 


I 

H 


TABLE  10. 
Mean  Time  of  Sun's  Viaible  Riaing  and  Betting. 


[Page  665 


loeiaiceticiadia 


S  SISS£!Si23SSS 


E8S!SSSSI3?:SS'SSe;S3S9S9S'!:SSESXs;3K?8»S38SSSSS 


SSIEE7S$3£ah;$S$2$:S?ES 


^S2SSES33S^|a£S8S8SS8g 


gS^SS8!l!Z3^  S33%SSS$SS 


tSSSSSnSSS" SSmSSSSSSS 


i^SSiSiSS^ESS  SS$S99«$!;3 


egasasEssas 2&2s2saBas 


^8S8a82=5EJ£i2za2S;:28a8 


^8;SSSS?1E£^83'SSS!:S 


;;3SSJS8S2!3£  3SSSSSS33$ 


ssssxzssss 


sa&sisssss  ssasssaaxs 


^S^SI:5!S8S£ 


^8tS5KSS€;SZ!3!sElS!a&aSSSSb£:::SSS£E£: 


^2SSSSSSEiS8|sSSSS!JS;3S^;Sa53SU3S= 


<StiSSSSSSS8|sS8SSSS!a8;!|&S8!]SSSa::5 


<&S&SSSSS8S!S!isaSSSE:;SE;|8a8ISS^8S8!3 


^S8SS&ii£X^s:sSSS38S5SSSl8!)SSS^Sasa 


S38!3£!1SSSS 


^8939Si;£SSSi 


SE:SS£SSII3S6Z8;E3: 


tfE!!S9Z3S7S? 


S3S«SSSS&SSSSKS&S8S» 


X9Z9Z¥S¥S9|S98SB$SS!S3 


li3SS5S5E*g« 


S«SSS3Z9Z9teSZ!i83S9SS  !g98?S9EaE9 


tS«SSS3SSE3 


l!SSS£S3SSSE 


■i329Z3Z9Z9Z 


ii5S9:S$S«S$S 


xo1?dy 


!«293$S33S  SS3%3!;S!;S¥  Z«Z«Z9Z9S9 


e2  Ss;sS3SeSSS  SSS3S9S3S9 


$Z3Z?Z3ZSZ{SZ9Z3S9SSS 


$S$&3&%£9K  $S9g$g9E!!& 


[^  ej  id  as  od  BJ  gd  BJ  m  U  m'tj  ^od  ciia£  ctf  as  ai 


Ti'XTVTmnr|T~rirr^xe~orT 


8!i8S88e;S83 


S3gZS3SS88 


SS2S3f38t;S8 


KoiaS^c^daJaiaJcd 


dbyGoogle 


r>(aOM| 


TABLE  10. 
H«Mi  Time  of  Siui'i  Visible  BUng  and  Betting. 


J.- 


1^ 
''I 


<  4  g   ts   3  9    « 


«  3  s  s  a  : 


[[CHotfaJAacdMa^ 


^  aS  ej  oiaJ  {£  aj  ri  ej  aj 


7a8saaMaaSl«s3S5sE8ssSs8ss«2sas 


!)KSS3S3$3S 


^sesasssssssbsssssssssbsESS^ssss 


SE:t;a3S983S 


liSSS8SS:SSSf3  »SS3SS3SSSbe«SS$E9SS 


i^ss^asssaslss: 


^8a8SSSSRasbSSKaS8588KSS&9S$9S3 


iJS^SaSSESSES  SSSISSaSiSSSpsSSRSCSfiS  $S«$S3S1S8S 


:32!;88St:SS 


|l93;»9«SSE;3Sb!IS!!lSSSSS8|sSSS3SaSt;SSi£S3;!;«9SS 


ri9!;Si«3QI>S3«sbs2S£eSS$alsSISSSSS;:RSS3S3aSSS99 


^SSS9«!;9S«3  !;;9SSSSS&S  SR8SSE3SSS:;  ::;;S&!}S8SSS 


^aSXSSSS««5i^9S9!;g?«SS|SSSSSE:SS&S3£:S=^SEqS8S 


<a3aEaSZZSS|SS9S9«S9S;3«>S3SZa&a8SSS8ElS£:S33S 


<S8SSR2SS8S  SSS8&sa339b3«»9S3liXS  SSSi^SSSSSS 


)faSS88S8SS€  S38&ISS3&S  SS9««9««9«  SSSSSSlSaSS 


«9dSSa8SSas|S3l:8a88Sa&|sSS3BS939S|39«9: 


9«9S«3t;SS 


<:3SS=S!3SsaS  StSHSaSSSSS  agSSBXfiStiZ  aS939S3:«S9 


:SSSSSS^:SK32aa3S)SSS^SS8S3S&SS  SSSSISZSS^S 


«8E;&E;S888S3  3Ssa£3a9SS2|sSSSSSSa8Sb:]aSSSS&S8 


S8SSSR8SSSpa»SSa3aSSh::2SKSS^S!I5 


sass&ssess 


liS3S3S:$S3S3Jsa&9S9SSISSg9393aSSSfe 


SSS$S!9&S&3 


lfS3SSSSS28S  SSSSSSSSSSgSSSSaSSSS  SSS3&3SS3S 


d<iaimdiSti<eli-i  ai£ri,£»i<£tiaiBi<BkijBdaiaitid<idtB  d^dwiiiDciriiiim 


r>' Google 


TABLE  10. 
UfMi  Time  of  fian'*  Viaible  Bunng  and  SeUiiig. 


[F>(aW7 


I 


ll 
II 


■'*l*"'°"°'"°'°'"" 


KSSS»«£]8!38<3J8a8SaieSIS»8£3l8£3S98aS=S;3|SSS;^«aSaS=ISS 


.snessseaeses! 


lis^es&sss&s  s:ssss!:s33£]  sas;]s;]s=;s5bssssg;::g!3sss 


rfsasssaasssssessaaasaaas^jaaaassasasaasi 


<sasssas3S=p::ssssa5s2ba3a3=ss;:3  ssssasssaiss 


ti  ' 


ss saaaaaaaas aasassssas ssssKsafessss 


BSBsasassasisjsaaaaapsalsasssassESfcsssasasasag 


asaaa{a3S2=3sasssass£:sas38|3sa&asni8n8»3 


rfsasaasaaaa asasaaaass saaaasaias 


^aaasasaaaa rasaaaaaasa 


ass8asa&E;&  as^sejzsisssas 


isaaaaaaaa 


ssaaaaaaass  aasaaaaass 


a&E3SeJ8S3?:SSS 


asasEis»s<3S 


33SSSSR3S8BS 


ass&!ISS£33 


SS!S8!!SllSSSeS 


E^sseasasas 


8  St:;  SI  8$  SS  seas 


(laaasaasaas 


SSSn3S3Sa8JaS»8?[8SSSS^Sft8SSg&»S38 


^aaaaaaasaa 


aaaa38ssa8 


gsasaasaasa 


aaasaeasas 


ifsasaaaaaas 


ssasssasas 


risaeaanssas  asasasasas  asssssaz^a 


li3a83SSSSS8 


^38S3&8SE5S 


»8ES838a3i:S 


^18!t8a8a8aS 


asasssasss  asEizaaass^ 


isssssss  ssssasasss  S3s«a$!39a7 


BZ3SSS89aQ 


asssssssszss 


aEes»ss8ss8s 


asaoasissas 


asezasxssstss 


38^388398!;  IS9 


KCS9a38«8«&8 


S!?S$8SSESSS88 


a  811 336  as  898  a 


r>' Google 


Page  868] 

TABLE  10. 

Meu  -nme  of  Sqd'b  Vinble  Riaing  and  Betting. 

3« 

»  H  a  8  s  a 

a  R  a  a  s 

e;  a  8  X  s 

S    &    3    S   3 

...^d. 

1- 

OJidBdgdnSmBiaiBioJ 

>l'dBJ«Bi«dd0ia  DdiEt^ndaBJoiBia  i;d^«<dd9i<dBJ<d 

1 

& 

^S3S=838S8S 

83838saa8a]8s8a8a8::8Es  sas^gasaga 

8SSS8S8S82 

82S2SSS282j8Sg2S3SSS2 

s. 

^8S8S8SSSS2 

53838SS338 

3S3S38SS28lS82&2&SSS& 

& 

SSS2S2S=1S=1S 

3Ss83S2Sa8 

SS362S2S2S[3S3S=S=8S8 

4 

^3838282828 

3S3838SasS  a8SSSSSS=Si58S8S82S2S 

& 

53113838888 

1 

4i>  BO  OMO  es  ss  i> 'a  SOilD  BO  BO  s  s 

& 

ftssisssssss 

S2aS8S8&&S 

s 

,1 

S. 

ifasasasasss 

;]3aS!tSag?:^jg8!}SS28SSE 

9SSSSS8XSS 

li 

& 

^BBBBBBOBOB 

;S5S3a3SSK3laS8Eas3SaS 

SZii3SrS3383 

^  ^ 

3 

& 

lfS8S8SS!;SSS 

SSS2!iZSSa!S  SSKSSXSSXS 

ssssss^^es 

If 

& 

JOBBBBBOBO^ 

ssesssiJsas'szxsssssEss 

a3S$«C3399 

S£»SSS5Z«S 

Sas:3SSS33S 

SSa3S«5«3 

1; 

ifasssssssss 

SSS2S2SSSS 

BS»S5S;5)»59 

s»9i;;;«38 

& 

^B«B„„.CB.=  B<= 

9S3SS999!;9 

$;98ZS3S3S 

s  1 

% 

i|aSSSSSS8fi3 

ssea«s;?99 

SK3SXS38ES 

11 

s 

^ssszssisEes 

99;ii9ISS3?39 

;^$39!!3S3S 

xzsa&ssasa 

ll 

s 

EIS38SSSS399 

SI59S95»S)S3 

9S38!!S3S8a 

sssasssssx 

5 

^S3SS833!;39 

9393«93SSS 

sssssassan 

i 

1 

.^•«B*B*B*B^ 

97!:998SS3S 

sas^&assss 

SSSSISSSBSS 

i 

^BOBaB«0,»B.» 

Sa!£E:Sa5?S8S 

8a&::ss3s:s 

s 

i 

^BOBOBOB«BO 

isnesasass 

Sa3!!g^S38£: 

S£S222S8!:S 

: 

i. 

iS99S9&-iS9ti 

9!3S9l8S32!SSt3 

KHSSSSSaSS 

82E!S=S£:8S8 

3 

h 

«SSg!S3S3!9S!;S 

sssasasasa 

SSSSSEISS8B 

nS2SSS2Ee32 

- 

h 

^BaiB-)OBBO»« 

SaS23233S2 

S2S&3S3SSS 

3£Sg£SS98S 

is 

S 

iussssnss9s 

33«S1SS«B38 

S83S2SSS3S 

SSS9S3S9S8 

"'"""" 

•xS 

R, 

^- 

diiM^d^fi^si^ 

>JGd(>iGda!di>J<i>aJ<c 

:^<DBiiiia9cD(iifai«ai 

d^.jatfnd<^<».i<£ 

3« 

»Tmrr 

TTTTT 

■mnrr 

T~mrT 

abvGoogle 


TABLE  10. 

HcSB  Time  of  Bnn's  Visible  Rising  uid  Setting. 


[Fi>ga<68 


SS, 


II 

It 


\i 


Bjide^aiaiaiciioDaJn 


^&S&S&3SSSS S3&S&S&2SS S8SSSSeS£S,SS&3SSSSSS 


eaSSSSS2328 £828282825 2533388882 


^SSS^S^£SS 


^SSSSSSSSaS  SSaZSSaSilS  3SSSSS88&S 


E:3!!SRS8SBS 


3%S!:SSts9«« 


^SSSSa2S2S3  ESSSSZi3SX3««S!;IS$SS$S 


^»SSS3S3^SSa3  S9i;9S!;fSS99b99^$;33«8 


i(3!;S«3'93!!T$  «;«$9S9&Z3b32g3SSSS!S  5SSSSKSS3I 


ZSSS&!!2ISSS 


tf933SS[;SS3s;|SSSK3S2SS8pS8SSE383^s|sSS;33SSSS8 


S1SSS8E}3S^2|?:3SS3SaSS3|S5SSQS!S393 


tf3S5S8SSSSasa3S£]SSS^::|88E18838Sas|SSt;33!$«3;93 


SpS8SSS3XS!S£p33««3S&S3 


i(&StS8;:3SS:S!3£:S88St8S8a5BSSSt;a$3XSb35SSSSSa83 


23233S  !18SSSE:8S8SpBa23999?SS  ZSSSSSSaSS 


rf3SSSSSS8!)S|8S!:3BS£SS3b«S9$S3SSebs8EiSSSSE]8 


^SS3SaSS8&3JSSaSS$S939$8SSZ8SEiSHb£:3£:£:&!3SSS 


if88»SS3H3SSS3&««3!7S$8bESSS8S2SS|SS38lS&i 


il!iei!)SSS5«S3i393e339i3S»S;SS383SSS8^3S2S%S;!9X 


«^Z&9S9e9&S|3S3:a3SS3S8S:S8SS8SSSSp3S39SS$S2E3 


lff]8SaSSSSfiaaS9395SS3SlS88SS«Sig)3|S&S8X^I 


dbyGoogle 


F^^ew] 


TABLE  10. 
He«a  Time  of  Ban'B  Viaibk!  Biaaf  uid  aettiag . 


»JIiT   , 


s 

u 


ejaejgdcdgdejodeiod  iii6aii£ei^ii<£ei<£fi'£ii'£ii^d^^'D  tAtadndnaiaBi^d-i 


8Sisszs2»s  ;s9S!;a9aqi»« 


eZS£S£SS£SS 


(S8ZSS&&SS8 


l--lA^: 


jisssssszaass 


sz6S8ss38«|s$a3S3£9sesisa«Ei3aiissE:a 


1^ 

SSSSSS83S5;l8! 


8383S9S9SS 


SSS8S839S!;jeSS3S9S3S3 
ZS8SSS$SS«|S!;SSSTS9a; 


^SSSSSSSSEiS  £Z8SSSSS3«bS9S«S$SQ::S 


S35a£S»85SSa 


^S8ZSSSS&SSS38SS3SZS3|39S%&«S7S1!I 


SSgZSSSS&SS  SSS3S3SS8S  39898!;S$33 


^3SZS£2SS&ESS8S5ZSS8S S58SS9&?S« 


5«SX3539:9Sa 


iSSBSRSSSSSa 


;9393e9esS£:8 


;9d92;395SSB 


IJZSSSS8ESSS|SE8S&£SZSS3S8S8SS9S9|S«2«;3«SSISSIS9 


cZglESS8£8SS|£3SSSSSS8Z  S33S8E8S&3  S9S«S«3«S3S3 


'S|8Z3S8SS3&: 


S389S$3!;a«S4 


ESSSSSS£SS8 SSSS5S5E8S S838SZ8SS3 SS88SS39S3S« 


sgssssss: 


:SS8E  S&3SSS8Z8Z  Sa&SSSSSSSS* 


SSSaSESSSS  SS&38Z8SeSSS 


c ss a 3 s ss 88 8  Issississis^zszissssi 


iESSSSSSSZSZ 


sasasasEESSs 


riS&SS888888lSSSSS38SS8k8SS3S35S5 


S8S88S8S&aES 


If: 


riSS8&8SSSS8S88888888SB883S3S888)S88«8S8SSS&e 


ip 


^88S8SS5&S&B&S88SSS88 8888383333 


83S3838SSSSS 


riSSS88SSSS8 888S888888e88S5S38SS S888888888S8 


ri3S3SSS8SBSjSSSS8S8SS8*8esS8S3S3S 


S8Z83S3&3&3& 


I8=I8SSSSS8S!SS8£8£8SSS{SS8S8S3S3SI3SSSS3383838 
li3S3;:3S3d33|338;JS;J8S5S83Sa8=838s|SdSd8S8=8S8S 


Si£gij(i>«a>a9gdMnM^ 


ijGoogle 


TABLE  10. 

HMD  11>M  of  am's  TUU«  Hiring  ud  Bettiiig. 


[I!«<<>1 


^1 


1! 


>  R  9  R  X  a 


d'id'iti^ii'iiii'i  dedtdddrfrii^eji^  4<£tiM'iti'ii»iti 


is)i8ii9s«a«a 


«S«SSSSSS8  SS8SS688SE 


[a8XXS!1SS«5 


SS9SC39S8S 


lassssssciss 


sk;s93«=:!;s 


[SKSSsssasa 


:«S«KR«S«e!3 


asssssszs; 


Eissas&tiss;!  bossssssss  Bsga9S9&«8 


assssassss  Rssitsassss 


ixssasssas  scssaseass 


ssssasnees 


sasstisasss  isasasassss 


tS!:&S883SS  RKSBSaSSSS  BSBSeStSaSZ  B^SS329»S» 


's$se!=&asa«  Fiztisstisissa  RaftKSssas^  les^sassssss 


;3tllS«S9SS38 


R&s8sssti3«  aaassaa!;&s^a!S!^S!3sssa 


;S«59S«S7S:3 


'SSS¥3SS3:S9 


':3S=i3aSS9!S9 


SSSSSZSSSS 


fSSS&S&SSSS 


isssssssssa 


I88S8S883&S 


ISK8&SS8SS8 
'3S3SSS3838 


;8S8a838=8a 


s  B  8  a  a 


S8S8SSSSSS 


38S3S8S8S& 


38&S352SS8  SESSSSSSSC 


3SSS$895S8  38SSES83SS 


SSS39S«S«S  «&98S88S3S 


S3aseSS33£! 


s9S359seas 


iassasstssss  ssissstjass? 


3!iSSS«S$E3 


iSSasSasaS  SS3959S$S< 


aaasasssss 


isasasassa 


SSSSSES&aS 


iSSSSeSSESS  SSSS88S888  SSSSSSSSSS 


888SS8SS8S 
SSZS3SS8SS 


a  iS  S  S  8  8 


sjcdojoilaiaipdndid 


szssssasas) 


S888a!;S«£:3 


gisssssssa* 


$88B38SSS3 


9S«S9S3SS8 


SSg393S85S 


s8S88BB8aa  !txz&a8Rssi)  ftsssissasiss 


sbnsssssaslssssssBSa!; 


:3»8E:8at£!3s  ssissasKsais 


i9)lSesga;E33£JftaSS!:AS88 


S8&8S9S«S«KSS!ilE3S»383 


;«s«sssssspss»ssasE:5 


S2a2*C«E925 


=S2SS8!SSaz|sZ382SS3S3 


SS&e&8&8S8  8RS88883S8B3SSS5SSSS 


^ 


SSSS8SS8S8bs&S&3SS&3 
XS8S888S8S|eSSS8S8SS8 


r>' Google 


FagaJSffi] 


TABLE  10. 

Mean  Time  of  Ban's  VUble  Ridng  Kod  BeUing. 


•.S7d, 


I- 

I! 


S9««9    «««9Shg8S288SSSS 


aJoSaiodcJedalodedm  !iiidaitiiieitt^<iUmSi'BiiiiBitiliti]ti<£eitilititi<ieiii 


iSnStsa&9ti»\iiS99SXS9iS\SSSSZ9SiS&h(39SfiSSSSi 


rf85&SS99$e& 


tfsssssssin^ 


:e£:8aKSStK8H!]zsttsa3Sst5ssssz&ssa 


tf&SS3gS3»SS 


S3°3;:3SSSE;i3^S!9;SSSes2SS39S8£S2S9 


«888S&S3SS: 


3;9S«S9s«£Csxas!)KSisasB;£;s'$essss 


SZS389S$33|s«Si;3XaeS|:;gs3:aS£SII=«8 


^«3SS3SS836 


ssssszssssBSs^sassazasKssssaa! 


i!«33;:«39SSS 


s3S8sssssips8s$Q=^s?^ssaisssax 


ri8C;!SS;:T»«; 


3SSsaSSSSS|sS8S8Z8S89|=93«USnSJ(iI 


ri88saes3sss 


^sssssstsasa 


tfsssasssxssis 


^2S2SS«S9s]« 


gSSSSSSSSS! 


tf3S2SSZ22SZ 


lt9S^8=3;]S3S 


^ssszssssss 

i!888iSSSS38 


lfS£)S9S3SS3S 


ildodg 


i;93$SB8SS88SSS9  sas8asts3«:3 


SS82SSS3!; 


;«S9SX8SaEi 


:3SIS;St:!lSS8teS9a«89523^ZS959£&9S 


$ 


issazbs: 


S39SS23SZ8tezSSSS833s|8S83S!;3«::3 


iarai 


9S«E9»«SCSRSS8S8Z3B8B38S3ZS8S3 


:S51 


SttSn38939£:aS93!;33: 


!S8|383SSS82S& 


iRSRess^ssa  ess&ss&^ffisp^^ass^^ss^ssssszi&s 


tJI3!S&83E;S93  RSSasSKSZa  eK88S83S3»pSSS«S9SS3 


ifsaasia73«38|ss8sE:s«sasb88!3ssa:s8sbsss«!i9;i«s 


^]9!3989S98$|S3SS8t;3S!;8|!3S8a3^8S&9 


39=9a!;E:]!;EIS8«83S3838SI^SS3a3S8S3S 


ig 


!SSSS3S3£Z  SS2SS«89S3b!;!l«8$?«S9 


isassssisssbssss: 


;sssss|s3! 


S2S2S2333P 


SSSSSSSSSS  SSSSSSSSSS  SZSS8S85S:S 


r>' Google 


„Google 


F^^<M] 


TABLE  10. 
He«a  Time  of  Sun's  Visible  Bislti;  and  Setting. 


I 


:g{cSES38    S&SS3 


X  McoMaaJoie^aaiic 


iiS2es;S£SS3:£b^SZS3Z2ZZZ,ZZZZS2£Z£S 


riS$SSS:SS?EZ£;Z£ZE££S£ZSS33SSS2S2£:;;SZSZSS: 


^SSSZSZSSiS  SSS£8SSSSS 


EIS3SSS£&:5iS  S$S$S$S95S  =ls;i«;^9S333 


sssgisasssi 


(SS8SSSSSSS  =;S29a!;S*ZShS«£?SsSS3Sg  as2sassS8s 


l|a3=8S32SS5^3S2S2SSSE*S323aSia3aS 


liiasigsssss  &ssia$&^8¥;s 


sz8s&8sasapK3»3;3SS9; 


^x«»«s9S«f;«  sssssKxsaz 


tS!3SS$a«S«S;«S¥!3$SJS8s; 


ss9»9(i9a«s  $9sassz^ss 


sasEisasiHSE:)  Kazsssssss 


t89»3aas&i;s 


iSXSti:;  139838 


Sa^SSStSSZS  X=S28SS338 


^S9zaSKCiSSZ« 


S  935SS2SSE  =  J2  =  5::SSS£SS 


lizss&tsssz^s 


^asasavfssa 


SaZSSS3:XS2  S5SS&SSS2S 


ea!i&££a$ssjs 


xss^i^sssa^s 


R  e:ssS3  R!)  is«  13 «  a  3  !3  z  s  s  ?;  s  s 


Z!^XS3SS;;SS|SSSZ5SSS£S 
=3:i3SSS3S:SS=8SESXSS 


SS8&S88S8SS 


issssssas 


^S!iS»SSS»13;a,i»S¥SSSSSS8g 


.o^y-v 


liBXracemeiro  :i<£(iaieiwBS<B'iiB  i3cdBicdMo«g6ttn 


ijGoogle 


TABLE  10. 

He«n  Time  of  Bdd'b  Visible  Uatug  wtd  Setting. 


[Faga6«IS 


„"!Zy 


-I 
2     I 


'S3939    ««998 


Mi^McdMEdMcdeJtD  iijgaaJsDe^gdPJnpiai'cJiaMaiKcoBJinai' 


esEEssse^s' 


esisssssssss 


!;s%S!;s%s$s 


liSSSSSSSSES 


48i;S!SSSS3&S 


^sss3;:3;=3^3 


BsssaasssKS  EI828; 


S    3    Z    S    S 


$S9S93Sa33 


I3S3S3SS3« 


3S3SSS$«83 


S3S3SXS3:S3 


2ai=g=:323ss  ss^sassHftss 


asi23=55S£SS 


=33si;ssi3sssi  saa^Dssass 


^sessss^ss^^'sisi^xssissjss 


E:Si!8:SiS3&StS  S^SiSlE:SSS$: 


^KXISSS^SE»SiSSKE;$SE>SSS 


ii;3789=TS«S  3S3SSSZ&S8 


lfSS!i8XSSSS»^SS!33»31STS 


^li$t;{;SS3S?s|$S$S«S9SSS 


^9;S!!asa$E]$S  $SSS2=SSS2 


C9S$a9SSS5S3=SSSSS$5S 


^9SSS3S2SSS'SS38SSS3&S 


SSaZESSSSS  S3SSSSS3I 


>SSSSSS3SS3 


^SiSSSSSSSS 


^S$SSSS23SS 


^sssss&ssas  ;:9i;3ig!!is;a&s 


ssass^s^ss 


^s2Ksa2^3a^!s7^';^£ss«s  ^sssazsszss  33?;sssasss 


S393«S9S3S 


SZSSSZS333 


S$8383S3S9I 


8«&XS9S93!i! 


$S!;S93SS3S 


3SSSSSSSSS 


S3SS&£318SS 


gsssssssss 


S3SeSSSI33Z 


SS!3;£S23«Eli3 


xsK^ssxass 


szs:;s$s$ssi  SSSiesasifit;s 


!3»3!39SS3S  !;^£I^«3SSSS 


s^essEj^Eigs  «ssasK83S& 


sssx?K«K9s  3ss3$sss::s 


si!xs$ia3ei:gs  sssssssats; 


I7S$S  SaSSS=:3$a8  S3!3SS«ie&98 


K-ibvGoogle 


rtftmsi 

TABLE  10. 
Uean  lime  of  Son's  Vfaible  Biaiiif;  and  Setting. 

j^ 

s  =  a  j3 

5_a_s_3  2J_ 

■9 

7,r 

!-■ 

dail>i.£l>i-£Bi^tl^^ad^ai'>6daSdw 

(>J<CCJ<dp!G6cddBl<I> 

•J.caiaic^fleiEdBi.EBJ.i 

1 

S 

^XS3SSS3&«S^SX£:923SI!S 

.......... 

Rsasasnsz&cs 

= 

o 

!• 

ittts^s^s&slssssisssss 

1 

B 

itSSiS^SSSSS\^S'SSSSS3SS 

!S&KSSS?I!3«::! 

Bssssasasaas 

S 

e^ssssssssss  saasasasas 

BssESsasaa 

asasKssssaaa 

3 

u 

g!:?33sagESiSSiS  3SSSaSS8SS 

SSSSSSSS!]8 

8S2a53S2=aaa 

a  1 

0    "3 

5 

if99i;sss&sss!  ;Esassssss8 

BSa8l3SSSaBJ8S22=;:2r3==aS 

S 

m&^usies&s 

ssssasssaslssaisgsassss 

•■ 

ii^u^ssusss 

xssssssEsa 

!SSCS8S!3SS3'E38c:SSS2SS2:=3 

A| 

- 

iS9S9S5i^ZSS 

3S93ZilS8SSE 

ssasasas28ss 

il 

' 

s 

i99SS&SGZSU 

ssassSKsss 

ss?:s!]Sc38a&ss 

s 

iS^SSS^SSSS 

S^SiSZSSS^S 

SESSaSSSE^S 

BsasasssassB 

u 

« 

t9999SiSS&S 

SSiSSSZSSSS 

e 

«99$393gSSe 

£»&SSZSS3S 

8S8&SSESS8 

^isssssssasss 

° ' 

s 

rf993S3SS!ESS 

S3!s3BZ3is;SS 

ssssasissKSSs 

1  i 

= 

b9S;;S3S$S$3 

esKSssztiZSS 

ijsasssasssas 

11 

If 

s 

l!9SSilS5IES35g 

iSSSSSSSSSS 

^sssssasssss 

s 

i9S9S9SS};S9S 

93SSSSS9Z3S 

SSiiSKSSSSS 

S£S2SS38SSas 

i 

• 

f3S333S929g 

3SSZ339S3S 

$SSSSSS£ISS 

&££SSS3SSSSSS 

a 

- 

3S!)sgzgs3S 

9S9S3S9&3S 

sEesssssssscs 

• 

XX«33a9S33 

9S^S9£9E;SIIS 

SS5SSSS3SSSS 

- 

lfSX$2«ZSZ«S 

9Z3ZiSSSS:$S 

OESSSESIggSSa 

1 

c 

SSS2SSSSSS 

SSSSSS'SS^S 

'3E:3E«&3S3&X& 

It 

o. 

ESS5SSS53SS 

$S  ?£«£!;£!;£ 

isvs^s^sis 

SSSS58SS«2«8 

II 

asssssssss 

SS9K9SSS5S 

iSS929S9S%E$S 

■» 

Kv 

1^ 

linModBiiiifBiaBiic 

^^HODi<£BJ.><i:o>«« 

3.i 

° 

dbyGoogle 


TABLE  10. 
Hean  ^me  of  Baa'a  ViHibl«  Kmng  and  Settdng. 


il 

^  I 

is  ? 

I 

;  » 

^  i 


S!.S!SStsS8Z9S33«$$£SSS$S,S3g8SSSSE;$ 


^SSSSSSSSSS  SSSIS&SS!;E!e  S^39!i?$$?S  SSiSSSKSSSS 


g'3aS=}S|}SS3K  SS^SS! 


3&SiS33;;;4S,?3f3SS3»aS 


^£3=33S9S»8S  SlSSSSSSSQg 


S338S89SS$,S3!$3?$SSS3 


8as323282SEJ  saassassas 


!£SSISSSSSSS^9S!J3:33$S3 


^ssasasssss  sasasasas! 


SSSSSK^EISS  SS3I3«:3«99« 


rfsaaasiasss  228S6S8SI3S 


S8S&SSSSSE!  2SSSSe9S«9 


rf!SSCSSa3SSS|2S2SS2Sa8a 


rfasagsssas^a' 


ifaeas3Ss2E3,saa2333sa: 


(S8asa$a8asisas2K3S3s; 


riasssssa&as  e^seissss^i&e!  s=a; 


ifssKSssasse  s&ssEisasaalsaasiiss: 


E8Sa8aS?!3EiS 


rfasaS3888S3 


sssasss^sss  sn'sutssss& 


is^ssnssss  ssissESSEjSf; 


2S3as!3sass  sissasssass 


^23;]8»&aSS 


ssssaasasa 


asasHSSsae  ssssssasas  aaaaaassss 


aissss^g^sss  EisasE^sssasiasagssKsas  aa: 


^&SSSS3SSSS,SSXS3SSgSSS'i33aSE;SS88&|asS3S3KSSS 


eaSaSaS!S8l!S!SSISSi:S8SSS>SSiSSi3SSS$h;SSSS3SSSSg 


lS3S3S3S3S9:$,$S98SSSSilS  S^%5!SSi;;SP^3  ^3S8S3£SSS 


e^sss^is^&^s 


3E«3!«S«SSSJ«S3S3S3S7S{7ST3SS9S9S 


■xJlSv    1=^ 


ess$3!$:;ss$s 


CdajSoCdoiniiiiaigi  aJ: 


oittcdaid  MoiBiiriciiiiiPioDPSiri 


ITTTT  X  Tmmr 


ijGoogle 


pftgeees] 


loid^V 


TABLE  10. 
Mean  Time  of  Bon'e  Vioible  Ruing  and  Setting. 


5  5 


R 

u 


i' 


.4SI3S9!SS£' 


e?SS»!:S!S3:3$  SSS8SSSS«S 


2    S    Z    S  I  S    I 

\dtadrB  aisiBiaKtdaiixKd 


^saSSSSSSSS  STSSS93ES3S 


:^SSSS8$S3^¥!; 


S3S=^!:2s=a'S!SSSSSS8gT 


EiSSI3SSS8SS^!S£^SS»8SSR 


IS8SSS!|!SS«SS93S3 


i:$$3Ssa3SS  s:ss?]Ss:S!3S3 


SSS£S9;%Ss|^SSS!3S£=Sa 


riSSS3S3l3SiJSSSSf3S:35£g!3;S83SS33S¥g|?SSSS8SS3£=: 


KISSSS»SSSSS^3SSSS:SS£JS'SS8!;SSES3S!S$S«SSSS&S 


i;S3SZSZ3S,!;3SS!]3a&KSp;S=:K&S333i3S£S&SS9SSS 


c'$9S93»S98S;!.SSS!^2SSSS|SSE=x: 


SSS8ZZ«S39 


iJ9e$3$9«!39S'S3)i3tiZS&SS 


I^S3SK9S&3S3p3«!:S3SS3X 


isasxsssfise  33$9«7?!;ss 


tssssssissss  3Ssa99i;«9« 


riS83^S9SSSSS  St!£3;SSSSE3  3!3ST99i?9SS'SSSSaSf!5S3 


ssasjssssaa 


i;s3:!S]S8SS3 


s;i«3S!B58S^8  SSHSSSSSS: 


:=:SS3£S!35E; 


iiS»8!]Sl!)SSSS]8!]SSS«3;xS9|SS;S3e£339S3|$!;$«$SCZS& 


'SS:]E:5?tS^|sSSS88SSS:;SS3S&SSEi&e:S739%$«33S 


^aasssiJssRsas; 


«"a$SS!58S2SS;i3=GEJa2i 


e£8SSZS!!SIIS  WSUS^BSSSi 


iSSSSS@SSSiiZkz&SS'8S-&S% 


asasasfissHissassstssaa 


sssexsxsas  3ess£ss;:s3 


>9S3S9S9S9s'^g^S35?S?SpSfS«S$SSSSSS3IS8&SS;8 


r>' Google 


TABLE  10. 
H«aii  Time  of  Son's  Visible  Bising  and  Setting. 


[PageeOS 


J 


P 


EoUatfi 


SaS3SSS=:8=:;8=:8=!8=!S;38a8a 


SSSSSSSESa 82SSS2828SS9 


ri82SSSS838=[8383S£8S3S 


ifsssssssss£:lsss: 


3S3S3:S2SS  SS8:3S£S:3SS3:3 
3»3SXS858s|sC;8£:SKS^SS3iS 


3S3£:8SSS8SSSSS 


l£&S&£&:3eSSS  SSS::«S8S3S  SS33S3S88S|SSSSSSSn5!lS!4 


8S8S3S  3SSSSSSE3SEI  S^SSSElSSSSSai 


rf8S8S8^S£:SS|8SSS&SS!i3!i3E38H8E]88SSb3SSSa2SSSS» 


^SSSK$SSS&S S28a88SS3» 


B8SSSas3sa S«88SKSKSS&8 


!§; 


rf8SS5SS83&Se88a8!)3il3tt  SSSXSSeSSS  8t*8fi3!9Ea!S8SS 


<SS8SS38SSa»a8fl8flSn8?l 


:^2; 


3588S88SSateSSS&SSRSSS» 


Tsaessssiei^HiH^sasa  BssssEssssalssssssisasazx 


ajsiii 


ri3S33SS88S8e!]SSSa3»SS8!<SS88SaSSpC8Sa88XX8SSS 


Stl[8S88I38lSSfl 


ijS3S.<%Sia8SSt1  8S88I38lSSfl  SEi8!)SSSSSatea382388S8SfS 


l!S38a8a&e>8ateS39i8fl88SR 


8!!Sa38&SS8tel)ZSS8S&S882 


iisssssasasa^sssssstsss 


sssssssass 


d3SS38SeE:)8!lteS3aS8SKSR 


388EJSS388Z3b8a&SS3S$3«S 


■fSSS388&88t)bSa8888St)SS 


1^ 


tf3S&::iSSXSSHbSSSS8&E$8S 


fJJ 


tf&S8£:3S8SSS  SasaSSSElZS 


rissss&assssjassfi^ssa^a 


ifZ883389&98  pS93«33Sft3 


^DOJiilBJsdMiiidJaaii 


o  ~er~s"*tr~s-^rTTr%r~rr'Tr'yW 


p 


ignzzs; 


:3SaS8|ZZSISS&S93S39 


It 


SSSa8»ZSS8MSSS98S;3«!933 


tfSS8SS38saS»|8a8fl883SSftSSSazSSSS8gc«8S$33399« 


ZS3SSSSS9«bc$a33«E?9«S9 


S82838S8S8  989e339«S3:£9 


S«3EJSi39Z38btS4a85CStK«S9 


i;s«s«tags3is  8i:t:sfi3X«a3S9 


9S3S8ais8aa^3a8ssss8!39:9 


B3Sa8!]8a8SR8!Jsa89S3&!:8 


da^^al<^H»«JBy'i6Bi<^^d«l<<!tiJ<d(rf<il 


-T-mr 


r>' Google 


P»«»  670]  TABLE  10. 

Hmu  Time  of  Bna'e  Viinble  Biaing  mnd  Setting. 


I 

i  I 

£   i 


I 

^1 


li 


,.T7.T  I" 


tfSS8SSSS38s|8=:S=l8;3SS83  8!:SaS^SaS^  53S383S3SS 


cs;:s:!:s=S3S: 


tfSSSSgSSSBS  SSSSSE8282 


■isssssss^ss  sssasssssE^ 


8!iSaSE3SE3Ss{S»S»SSJt<&a{E;tSSS8S«SS 


i(S!38!32t32ssx  s8g«EssssR  SKSsxassss  sssssasfisa 


ifssssssssEi;  sitsasszR2S  ssassasasa  sz^a^sisaci: 


rfSSS MESSRS ft 


SSZSSSSiiSS  3SS3Se«e!!S  «ti«S98S839 


csassassszii 


^ssxazKStias 


csessssssse 


ifS&SSS&SSSe  S«!;s$9$973: 


iJSi;SS9S$$!;5i 


^3S!;3«S$733  3«398$S!St3S 


8S8SSSSaSS 


SE3SnSI1SSl&S  SUSSSSISSSS 


ssseesssss 


:SSS9K9S9S 


SS3S«Si;Q««I 


$$1393X359: 


^Sa3$$7«9«3t3«93SlS9«S3  SSESfiSXSBS 


«!;93333333!i:|33SSSSSSZZ8SS&S3»SSS 


Z2SSSaS8E8 


ZS2&SSSIS38 


33«3239«9!; 


9«;;33!;S9S3 


SSXS»S8S»S 


il3X3995?333iJSS8S8SSS8^|SSS8SSSSS8;3&S3£:: 


S&3tSCKSSS3  $33393!9«g9 


«$S3;)3333  93933«S3S9 


$9S9&SSSSS 


S3i39S8&S«3  XlSaSE3SSS8S 


SS!;2!JS8SS3 


!9SS8SS!lSc3S 


ssssE3S3s:^a 


(33SS33S9ESSS33SJaS£R2|tiS88aSE]SS8|ESSaS3dS3S 


^7Se:;i:33BS3S«3SSRE! 


5{ftS!]8ag!5SS  =  l:3S£8SSS8l 


ilS!;S$XSi3asz|aa!SS!i2?SSSS3S8S8SnSSS:3&SS8S!]88 


riS3aSSSS3ISS|SS:«SnSSS!5S|S83S33SaSS{$£SS8SE!SS!l- 


iiK«8SSSaS88|sSSSZSaSS8|sS3SSS£S£S|3!lSa9&«S38 


"^asasasaaazjassssissssteBsissaasslsaiagRaB^ 


8«BS|S3SZ8SS2SS|3ZS83S33«S|8S: 

„„.p.........p„„„„.p.. 


aiUiDcJidB^gddcddaiMi 


BJ  i^pjdMaittDJCJaiy  iD(4idB<gddcddai  UiddedljdiijideJai  Ui^0ii^U<liEd(Edi 


Itdl 


DigilizPdbvGoOt^le 


TABLE  10.                                          [F>ga  S71 
Hmh  Hme  of  Son's  Viable  Biang  and  eetting. 

i 

Ij 

II 

11 
If 

i 

i" 

s  3    Q    9    3   3 

s^^asjsaszs 

z  s  s  s  s 

■„-!3!,T 

!-■ 

MaCiiaiKcsMaiMiD 

■jaiKaMoSaiuMai  Lidai  da:  uKcdoid 

^nc^ciic^aiaiaasd 

s 

I 

lisssag^ssss 

gSSag2SSS5g3SS3533g3 

338=8=SaS3 

s 

2. 

^8S8SSS2CS2 

SSS2Sag3S3fesBSB2SaS8 

EE3SE3S»ZSJZS 

s 

s. 

Ei£E3ESSSS^SS 

SS3S!lZS2a2S^38aSS3SSS 

S^S!!3a9898 

s 

il 

ifsaaazssjsss 

SE;SS3!ISaSSJ3S9S9a%tl$8 

$SSiS:SS9C3S 

5 

= 

% 

tsnsss&ssis 

. 

% 

^9S«39SSS9S5 

S6IS3assS33  dSSSSSSSSS 

s^s^ssesss 

, 

i 

M 

s- 

isg^sjsssjs* 

ssasssasss 

- 

s> 

ri9SSS!S«Es9S3 

sEsssszsssejasssssusas 

sssassasss 

5 

s 

i. 

SS«SKSSSXSb3SSS8S32£] 

3SS::;&S8!JSK 

IS 

1 

iaxuss^ssss 

SS38a8a8£8b23^a3S2S2 

3S83!S&SSa;s 

s 

£. 

ES3SZS5SSSS 

ij8asa82::33gsss8asa8S 

8!S&SZ^S&;3 

2 

^ 

!sss2?;=:f3£:ss  &E]ssss2a&» 

ZSg£CS)9393 

S 

>: 

6BSS82SESS5 

SSSSS2!£aS3jSRSaSSSSSffi 

<SSiSS99SSUS 

= 

: 

sssssss^ss 

SS3ffiSS3s;$ 

99ssssnsns 

- 

s. 

eSS2SS228Sa 

S;:SE:383S3^ 

asasssssss 

- 

1 

esssseasssB 

ssssz&ss^^ 

X33!:SSZZSS 

sssBsasKsa 

. 

^ 

ise  Risss  !^  s  s  s  c;  Iz  3E  s  3  s  93  3;i« 

K$iSSS£RSS£ 

SS53SaS8Se 

i 
1 

i 

& 

eSaSE3&S3^SSbs«;SIT39SE 

aSSSS83B2^ 

sasasasass 

s 

s. 

BEKSS2S«SSsl9S?S9S9li3SS 

asRSsgasss 

sssass3as9 

s 

1 

ssassssa&s 

ssssissasas 

s 

s 

if9S!gil«S&3i3$bsSZ;3!SSS:!:8 

523ssazsss: 

gESsassaas 

s 

1 

g3Si:£S9i3$SS|»SSSSSSSISS 

SSS8S8«!3e8 

s«asssss2s 

- 

i 

lf8SSSS3E;S£:s|sSSS3SS$SS 

ss^sssasa^ 

59SS888SS|ia 

u 

s 

s 

lf3aS8£:«S«8$|S38SSS28«3 

SSSa8K9B25 

.......... 

S38SS8$ISI3S 

.......... 

""""-'I'""""*"' 

■xSZ, 

1' 

li>iiimKati^ai,6li,£dwd^ti<£<ioi 

™-- 

:i^d,£^wli'£K,£ 

P 

o^T^'TT\r'nrrT 

s~mrr 

mnrr 

ijGoogle 


PftffeeTS] 

TABLE  11. 

1 

For  redndnjt  the  Time  of  the  Mooa'i  pw 

Moe  over  the  Heridiau  of  Gi«eDwidi  to  the  lime  (tf  Ha  t)^  1 

S 

•mv  other  Meridiwi.    The  nomberB 

tftken  from  thJa  TkUe  are  to  be  added  to  ttw  lime  at  1 

enwich  in  West  Longitade, 

nibtnctedin 

EMt  LoDgitode. 

^ 

DfJlyTwtoOonoltho 

mooo'i  pudnK 

Lhemsrldlu. 

'^' 

4^ 

41- 

»4- 

4^ 

4^ 

(•■ 

tf 

M- 

M- 

*»> 

•»■ 

•»• 

•*- 

6^ 

^SSS" 

0 
6 
10 

"i> 

"b 

"b 

M. 

0 

m. 
0 

m. 
0 

M. 

0 

% 

m. 

*b 

% 

% 

m. 

0 

0 
5 
10 

1 

1 

1 

1 

1 

1 

3 

2 

2 

15 

2 

2 

2 

3 

2 

2 

2 

3 

15 

20 

2 

2 

2 

2 

3 

.     3 

3 

3 

20 

25 

3 

3 

3 

3 

4 

4 

4 

26 

30 

3 

3 

4 

4 

4 

6 

5 

6 

6 

6 

30 

35 

4 

4 

~T 

6 

6 

6 

35 

40 

4 

6 

6 

6 

6 

6 

7 

7 

40 

46 

5 

6 

6 

« 

6 

7 

7 

8 

46 

60 

6 

6 

6 

e 

7 

8 

8 

9 

60 

66 

__6. 

6 

7 

7 

7 

8 

9 

9 

9 

10 

10 

68 

flO 

"8" 

d 

10 

10 

10 

11 

11 

«0 

ec 

7 

8 

8 

8 

9 

10 

10 

10 

11 

11 

12 

12 

66 

70 

8 

8 

9 

9 

9 

10 

10 

10 

11 

11 

12 

12 

12 

13 

70 

76 

8 

9 

9 

10 

10 

10 

11 

11 

12 

12 

12 

13 

13 

75 

80 

9 

9 

10 

10 

11 

11 

12 

12 

12 

13 

13 

14 

4 

ao 

SS 

-la 

To- 

TT 

TT 

-~i2 

"TT 

IS 

13 

If 

.14 

16 

-16 

as 

90 

10 

10 

ll 

11 

12 

12 

13 

13 

14 

14 

16 

16 

6 

90 

96 

11 

11 

12 

12 

13 

13 

14 

14 

16 

15 

16 

16 

17 

17 

96 

100 

11 

12 

12 

13 

13 

14 

14 

16 

16 

16 

17 

17 

18 

18 

100 

106 

12 

12 

18 

S 

4 

16 

16 

16 

16 

17 

17 

18 

19 

10 

106 

110 

-i5- 

-IT 

-^iS- 

-fr 

~X 

~ir 

16 

16 

~ir 

18 

18 

10 

20 

20 

110 

116 

13 

13 

14 

6 

16 

IS 

17 

17 

18 

19 

19 

20 

!0 

31 

lis 

120 

13 

14 

16 

16 

16 

17 

17 

18 

19 

19 

20 

21 

21 

22 

120 

125 

4 

16 

15 

16 

17 

7 

18 

19 

19 

20 

21 

22 

22 

23 

126 

130 

4 

16 

16 

17 

17 

8 

10 

19 

30 

21 

22 

22 

23 

24 

ISO 

136 

-T 

ns" 

-16 

^7" 

-18 

19- 

m 

21 

22 

22 

a- 

24 

2S 

136 

140 

16 

16 

17 

18 

19 

9 

20 

21 

22 

23 

23 

24 

25 

26 

140 

146 

16 

17 

18 

19 

19 

30 

21 

22 

23 

23 

24 

26 

26 

27 

146 

150 

17 

17 

18 

19 

20 

21 

22 

22 

23 

24 

26 

26 

27 

27 

160 

186 

17 

18 

19 

20 

21 

28 

22 

23 

34 

25 

26 

27 

28 

28 

166 

lao 

-TT 

"liT 

-S5" 

-^ 

"ar 

~^ 

23 

24 

~W 

— 26~ 

S7 

28 

28 

2» 

ia6 

166 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

27 

28 

29 

30 

166 

170 

19 

20 

21 

22 

23 

H 

26 

26 

28 

27 

28 

89 

SO 

31 

170 

176 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

31 

38 

178 

180 

20 

21 

23 

S3 

24 

36 

26 

27 

28 

29 

80 

81 

32 

33 

180 

~^ 

tf 

44- 

4^ 

4^ 

M- 

(^ 

»4- 

ta- 

u- 

••> 

•^ 

M- 

•^ 

ijGoogle 


TABLE  12.                                         [Ptge  678 

any  nnmber  of  mJDatee  of  time,  the  Horary  Hotion  being  given  at  tbe  top  of  the  page  in  geconds, 
and  tbe  number  of  minntee  of  time  in  the  aide  column.    Also  for  finding  the  Variation  of  tbe 

at  tbe  top,  uid  the  oumben  in  tbe  tdde  column  being  taken  for  moonds. 

H. 

Homy  moUaa. 

". 

1" 

r- 

V 

4" 

•" 

*' 

S" 

B" 

v 

w 

11" 

It" 

11" 

14" 

U" 

14" 

17- 

18" 

It" 

1 
2 
3 
4 
5 

0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

1 

1 

0 
0 

1 

1 

0 
0 

1 
1 

1 

0 
0 

1 
1 

1 

0 
0 

0 

1 
1 
I 
1 

0 

1 
1 
1 
1 

0 

1 
1 

1 
1 

0 

1 
1 
1 
2 

0 
1 
1 

1 
2 

1 
2 
3 
4 
6 

7 
8 
9 
10 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

1 

0 

1 
1 
1 

1 
1 

1 

1 

I 

1 
1 
1 

1 

1 

1 
1 
1 
2 
2 
-2 
2 
2 
2 
3 

1 
1 
1 

2 
2 

I 

1 

2 
2 
2 

2 
2 
2 
2 

1 

2 
2 
2 
2 
8 

2 
2 
2 
2 
3 

2 
2 
2 
3 
3 

2 
2 
2 
3 
3 

2 
2 
3 
3 
3 

7 
8 
9 
10 

11 
12 
IS 
14 
16 

0 
0 
0 
0 
0 

0 
0 
0 
0 

1 

1 

1 

1 
1 
1 

1 

1 
1 
1 
1 
1 

1 

2 
2 
2 

1 

2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
3 
3 

2 
2 
3 
3 
3 

2 
3 
3 
3 
3 

3 

3 
3 

3 
3 
3 

4 
4 

3 

4 
4 
4 

3 
4 

4 
4 
5 

3 
.   4 

4 
4 
6 

11 

12 
13 

14 
16 

17 
18 
19 
» 

u 

0 
0 
0 
0 

1 
1 
1 
1 

1 

1 
1 
1 
1 

1 

2 
2 
2 

2 
2 

2 
2 
2 
2 

1 

3 
3 
3 
3 

■  3 
3 
3 
3 

3 
3 
3 
4 

3 

4 
4 
4 

4 
4 

4 
4 

4 
5 
5 
6 
5 

6 
6 
6 
6 

6 
6 
6 
6 

6 
0 

e 

6 

16 

17 
18 
19 
20 

22 
23 
24 
26 

u 

0 
0 
0 
0 

1 

1 
1 
] 

1 

1 
1 
1 
1 

1 

2 
2 
2 
2 

2 
2 
2 
3 

2 
3 
3 
3 
3 

3 

3 
3 

4 
4 

4 
4 
4 

4 
4 

4 
4 
4 
4 
6 

4 
4 
6 
5 
6 

b 
5 
5 
6 
6 

8 

e 
e 

7 

« 
6 

7 
7 

7 

6 

7 
7 
7 
8 

7 
7 
8 
8 

21 
22 
23 
24 
25 

27 
28 
29 
30 

0 
0 
0 
0 

1 

1 

1 

1 
1 

1 

1 
1 

1 

2 

2 

2 
2 
2 
2 

3 
3 
3 
3 
3 

3 
3 
3 
8 

4 

4 
4 

4 
4 

4 

4 
4 
5 

5 
6 
6 
6 

6 
I 

6 
6 
6 
6 
8 

6 
6 
8 
6 

7 

7 
7 
8 
8 

8 
8 
8 
9 

8 
8 
8 
9 
9 

8 
9 
9 
9 
10 

26 
27 

29 
30 

31 

32 
33 
34 
35 

1 

1 
1 

1 
1 

1 

1 
1 

1 
1 

2 
2 
2 
2 
2 

2 

3 

3 
3 
3 
3 
4 

5 
5 
6 
5 
6 

6 
6 
8 

1 

6 
6 
6 
6 
6 

6 
« 

7 
7 
7 

7 
7 
7 
7 
8 

7 
7 
8 
8 
8 

8 

8 
9 
9 
9 
9 

9 
» 
10 
10 

9 
10 
10 
10 
11 

10 
10 
10 

11 
11 

31 
32 
33 
34 
35 

37 
38 
39 
40 

1 

1 
1 
1 

1 

1 
1 
1 

2 
2 
2 

2 

2 
3 
3 
3 

4 

4 
4 
4 
4 

4 
4 
6 
6 

6 
fl 

7 
7 

7 
7 

7 
7 

7 
8 
6 

8 

8 

8 
8 
9 

9 
9 
9 
9 

10 
10 

10 

10 
10 
10 

11 

10 
11 

11 
11 

11 
11 
12 

12 

11 
12 
12 

li 

36 
37 
38 
39 
40 

41 
42 
43 
44 

46 

1 

1 
1 
] 

1 

1 

1 

! 

2 
-2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
-2 
2 
2 
2 
3 

3 
3 
3 
3 
3 

4 
4 
4 
4 
5 

-F 
6 
5 
6 
6 

b 
5 
6 
6 
6 
"T 
5 
6 
6 
6 

6 

8 

? 

7 
7 
8 

8 

8 
8 

8 
8 

6 
8 
9 
9 
9 

I 

9 
10 
10 

tu 

10 
10 
10 
11 

lU 

11 
11 
11 
11 

11 
11 
11 

12 
2 

12 
12 
12 
12 
13 

12 
13 
13 
13 
14 

14 
14 

15 
16 

13 
13 
14 
14 
14 

41 
42 
43 
44 
46 

47 
46 
49 
50 

1 
1 
1 
1 

3 
3 
3 
3 
3 

4 

7 

8 
8 
8 
8 
8 

8 
9 
9 
9 
9 

9 
9 

10 
10 
10 

10 
10 
10 
11 
11 

11 
11 
11 
11 
12 

12 
12 
12 
12 
13 

2 
3 
13 
13 
13 

l3 
13 
14 
14 
14 

15 
16 
15 
16 
16 

48 
47 
48 
49 
50 

61 
62 
63 
64 
65 

1 

1 
1 

2 
2 
2 

2 
2 

3 
3 
3 
3 
3 

3 
3 

4 
4 
4 

5 
6 
6 

5 
6 

6 
6 
6 
6 

e 

7 

8 
8 
8 

8 

8 

9 
» 
9 
9 
9 
9 
10 
10 
Ifl 
10 

9 

10 
10 
10 
10 
10 
10 

11 

11 
n 

10 
10 

11 
n 
11 
11 
11 

12 
12 
12 

11 
11 
11 

12 
12 

12 
13 
13 
13 

12 
12 
12 
13 
13 
IT 
13 
14 
14 
14 

13 
13 
13 

14 
14 

14 
14 
14 
14 

15 

14 
IS 

15 
15 

16 

16 
16 
16 
16 

17 

16 

16 
17 
17 
17 

52 
63 
64 
66 

67 
68 
50 
60 

I 

1 
1 
1 

2 
2 
2 
2 

3 
3 
3 
3 

4 
4 
4 
4 

5 

e 

6 
6 
6 

14 
14 
15 
16 
16 

lb 
16 
15 
16 
16 

16 
16 
16 
17 
17 

17 
17 
18 
18 

18 
18 
19 
19 

56 
67 
58 
59 
60 

ijGoogle 


gpgae74]                                       TABLE  12. 

Fm  flodiiis  the  VuUtioii  of  the  Sim'e  lUght  AeoensioD  or  DecliD&tion,  or  of  the  EqnatJon  of  11106,  in 
any  number  of  minalce  of  time,  the  HOTBry  Motion  being  given  at  the  top  of  the  page  in  secoiMiB, 
and  the  number  of  minutes  of  time  in  the  aide  column.    Also  for  finding  the  Variation  of  the 
Moon's  Declination  or  Right  Aacenaion  in  aeconda  of  time,  the  motion  in  one  minnte  being  ^v«9i 
at  the  top,  and  the  nambua  in  the  aide  oolmnn  being  taken  for  eeconds. 

H. 

HoTMT  modon. 

H. 

W 

•1" 

M" 

w 

l** 

W 

If 

«• 

tS" 

IK 

w 

•1' 

W 

■•■ 

w 

w 

w 

1 

2 
3 
4 
6 

0 

1 
1 
1 
2 

0 

1 
1 
1 
2 

0 

0 
1 
1 
2 
2 
T 
3 
3 
3 
4 

0 

1 
1 
2 
2 

0 

1 
1 

2 
2 

0 
1 
1 
2 
2 

0 

1 
1 
2 
2 

0 

1 
1 
2 
2 

0 

1 
1 

2 
2 

1 

1 

2 
2 
3 

I 
1 
2 
2 
3 

1 
I 
2 
2 
3 

1 
1 

2 
2 
3 

1 

1 

2 
2 
3 

1 
1 

2 
2 
3 

1 

3 
3 

4 
6 

7 
8 
9 
10 

2 
2 
3 
3 
3 

2 
2 
3 
3 

4 

2 
3 
3 
4 
4 

3 
3 
3 

4 
4 

3 
3 
3 
4 
4 

S 

4 
4 
5 

3 
3 

4 
4 
6 

3 
4 
4 
6 

8 
4 

4 
6 
6 

4 

4 
6 
6 

3 
4 

4 
5 
6 

4 

4 
6 
6 
6 

4 
4 
6 
6 
« 

4 
6 
6 
6 

7 
8 
8 
10 

12 
13 

14 

le 

i 
4 
4 
6 
5 

4 
4 
5 
6 
6 

4 
5 
6 
6 
6 

4 
5 
6 
6 
6 

6 
6 
6 
6 

6 
6 
B 

7 

6 
6 
6 

7 

5 
6 
6 

7 
7 

6 
6 
7 

7 

6 
7 
7 
8 

6 
7 
7 

8 

6 

7 
7 
S 

e 

7 
7 
8 
9 

6 

7 
8 
8 
9 

7 
8 
8 
9 

11 
L2 
13 

14 
16 

16 
17 
18 
IS 
20 

6 
6 
6 

7 

6 
6 
6 

7 
7 

7 
7 
7 
8 

6 
7 
7 
8 

8 

7 
8 
8 
8 

7 
8 
8 
9 

8 
8 
9 
9 

'/ 
8 
8 
9 
9 

8 
8 
» 
9 
10 

8 
9 
9 
10 
10 

t 

9 
10 
10 

9 
10 
10 
11 

10 
10 
11 
11 

9 
10 
11 
11 

12 

10 
11 
11 

12 

16 
17 
18 
10 
20 

21 
22 
23 
24 
25 

7 
8 
8 
8 

8 
8 
8 
9 

8 
8 
9 
9 
0 

8 
» 
» 
10 
10 

9 
10 
10 
10 

10 
10 
10 
11 

y 

10 
10 

11 

1 

10 
U 
11 
12 

lU 
11 
11 
12 
12 

11 
12 
12 
13 

11 
11 
12 
12 
13 

12 
12 
13 
13 

14 

12 
13 
14 
14 

13 
13 
14 
16 

13 
14 
14 
IS 

21 
22 
23 
24 
2S 

2e 

27 
28 
29 
30 

9 
9 
9 
10 
10 

9 
9 

10 
10 

11 

10 
10 
10 

11 
11 

0 
0 
H 
11 
12 
T2- 
12 
13 
13 
13 

10 

11 
11 

12 

12 

U 

u 

12 
12 
13 

12 
12 
13 
13 

2 
2 
13 
3 
4 

12 
13 
13 
14 
14 

13 
13 
14 

14 
16 

13 
14 
14 
15 
15 

13 
14 
14 
15 
16 

14 
14 
16 
15 
16 

16 
16 
16 
16 
17 

16 
16 
16 

17 
18 

18 
IS 
17 

17 
18 

26 

27 
28 
39 
30 

32 
33 
34 
36 

11 
11 
11 
12 

11 
11 

12 
12 

12 

12 
12 
12 
13 

13 
13 
14 
14 

13 
14 
14 
15 

14 
14 
15 
15 

4 
14 
16 
15 
16 

15 
16 
16 
16 

15 
16 
16 
17 

16 
17 
17 
18 

17 
17 
18 
IS 

17 
18 
18 
19 

18 
19 
19 
20 

19 
19 
20 
20 

19 
20 
20 
21 

32 
33 
34 

35 

37 
38 
39 
40 

12 
13 
13 
IS 

13 
13 
13 
14 

14 

13 

14 

14 
15 

14 
14 
15 
15 

15 

14 
16 
15 

16 
16 

lb 
16 
16 

16 
17 

16 
16 
16 
17 
17 

17 
17 
18 
18 

17 
17 
18 
18 

19 

17 
18 
18 
19 
19 

18 
19 
19 
20 
20 

19 
30 
20 
21 

20 
20 
21 
21 

21 
22 

20 

21 
22 
22 
23 

22 
22 
23 
23 

22 
23 
23 
24 

36 
37 

38 
39 
40 

41 
42 
43 
44 
45 

14 
14 
14 

15 
15 

15 
16 

16 
16 

15 

15 
16 

17 

16 
16 
16 
17 
17 

17 
17 
18 
18 

17 
18 
IS 
18 
19 

18 
18 
19 
19 

20 

18 
19 
19 
20 

20 

19 
20 
20 
21 
21 

20 
20 
21 
21 

22 

21 
21 

22 
22 

23 

21 
22 
22 
23 
23 

22 
22 
23 
23 
24 

23 
23 
24 
24 
25 

23 
24 
24 
26 
26 

24 
25 
26 
26 
26 

26 
28 
28 
27 

41 
42 
43 
44 

45 

46 

47 
48 
4» 

60 

15 

16 
16 
16 

17 

16 
16 
17 
17 
18 
IW 
18 
19 
19 
19 

17 

17 
18 
18 
18 

18 
18 
18 
19 
19 

18 
19 
19 
20 
20 

19 
20 
20 
20 
21 

20 
20 

21 
21 

22 

21 
21 

22 
23 

21 

22 
22 

23 

22 
23 
23 
24 
24 

23 
21 
24 
25 
25 

24 

24 
26 
25 
26 

25 
25 
26 
26 

27 

25 

26 
26 
27 
28 

26 
27 
27 
28 
28 

27 

27 
28 
29 
29 

28 
28 

29 
30 

46 
47 
48 
49 
50 

52 
53 
54 
65 

17 
18 
18 
18 

19 
19 
19 
20 

20 

20 

20 
21 

21 

21 
21 
22 
22 

22 

22 
23 

23 

23 

23 
24 

23 

24 
24 
25 

24 
25 
26 
26 

26 
26 
26 

27 

26 

27 
27 
28 

27 
27 
28 

28 
29 
29 

29 
29 
30 
30 

29 
30 
31 
31 

30 
31 
32 
32 

31 
32 
32 
33 

61 
52 
53 
64 
55 

66 
67 
68 
69 
60 

19 
19 
20 
20 

20 
20 
20 
21 
21 

21 
21 

21 
22 

22 

ai 

22 

22 

23 

23 
24 
24 

24 
24 
25 

25 

25 
26 
26 

26 

26 
26 
27 

27 

26 
27 
27 
28 
28 

28 

29 
29 

2H 
29 
29 
30 
30 

30 
30 

31 

30 
31 
31 
32 

31 
31 
32 
32 
33 

33 
33 
34 

33 

34 
34 
35 

34 
35 
35 
36 

56 
67 
58 
59 
60 

ijGoogle 


TABLE  13 

[PWJCT 

For  flndins  the  VwUlion  of  the  Sos'b  Kgbt  AMenaioa  o 

•nynnmW  of  minntee  of  time,  the  Howry  Motion  being  given  at  the  top  of  the  page  it 
and  the  number  of  minntea  of  time  in  the  aide  column.    AJao  for  finding  the  Vftnati 

aeconda,  1 

on  of  tbe  1 

Moon's  Declination  or  Kght  Awetiaion  In  aeconda  of  time,  the  motion  in  one  mmnte  being  given  | 

at  tbe  top,  and  the  nombera  in  the  aide  column  being 

taken  for  aeoonds. 

IL 

Hor^^o.^™.                                                                       1 

H. 

1 
2 

!:• 

W 

f 

*•• 

41" 

4f" 

«•" 

M" 

«" 

*•" 

«" 

taf 

*r' 

W 

11" 

M" 

M" 

1 
2 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 

2 

1 
2 

1 
2 

1 
2 

1 

2 

1 

2 

1 

2 

1 

2 

1 
2 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

S 

4 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

S 

3 

3 

3 

4 

4 

6 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4_ 

4 

4 

4 

4 

6 

-  e 

T 

"T 

4 

4 

4 

"~r 

T 

4 

""T 

6 

5 

5 

S 

6 

7 

4 

4 

6 

6 

5 

5 

S 

6 

5 

6 

6 

6 

6 

6 

6 

7 

8 

5 

6 

6 

5 

6 

6 

6 

6 

6 

6 

6 

6 

7 

7 

7 

7 

7 

8 

9 

6 

e 

6 

6 

6 

6 

6 

7 

7 

7 

7 

7 

7 

8 

8 

S 

8 

9 

IQ 

6 

6 

7 

7 

7 

7 

7 

7 

_8_ 

8 

8 

8 

8 

8 

9 

9 

9 

10 

-?" 

T 

7 

8 

8 

~~8" 

8 

""T 

"~5" 

10 

10 

11 

12 

7 

s 

8 

8 

8 

8 

9 

9 

9 

9 

9 

10 

10 

10 

10 

10 

11 

12 

IS 

8 

B 

8 

9 

9 

9 

0 

10 

10 

10 

10 

10 

11 

11 

11 

11 

11 

13 

14 

9 

9 

9 

9 

10 

10 

10 

10 

11 

11 

11 

11 

11 

12 

12 

12 

12 

14 

16 

9 

10 

10 

0 

10 

11 

11 

11 

12 

12 

12 

12 

13 

13 

IS 

_  3 

16 

"18 

To" 

To" 

To- 

-r 

TT 

TT 

11 

"W 

12 

12 

~13" 

"TT 

-IT 

TT 

"TT 

W 

17 

10 

11 

ll 

1 

12 

12 

12 

12 

13 

13 

13 

14 

14 

14 

14 

IB 

6 

17 

18 

11 

11 

12 

12 

12 

13 

13 

13 

14 

14 

14 

14 

15 

15 

15 

16 

6 

18 

19 

12 

12 

12 

13 

13 

13 

14 

14 

14 

16 

15 

16 

16 

16 

16 

16 

17 

19 

20 
^1 

12 
15" 

13 

"is" 

13 
14 

13 

14 

TT 

14 
"TT 

14 

16 

16 

16 

16 

16 

16 

17 

17 

17 

18 

20 

"TS" 

"TT 

"TT 

-^s 

17 

-iT 

18 

TT 

"TT 

^9 

W 

22 

14 

14 

14 

16 

16 

16 

16 

16 

17 

17 

17 

18 

18 

18 

19 

19 

19 

22 

23 

14 

16 

16 

15 

16 

16 

16 

17 

17 

18 

18 

18 

19 

19 

20 

20 

20 

23 

24 

16 

16 

18 

16 

16 

17 

17 

18 

18 

18 

19 

19 

20 

20 

20 

21 

21 

24 

25 

16 

16 

18 

17 

17 

18 

18 

18 

19 

10 

20 

20 

20 

21 

21 

22 

22 

26 

"26^ 

"XT 

16 

17 

17 

18 

18 

19 

19 

20 

20 

20 

21 

^r 

22 

22 

23 

23 

26 

27 

17 

17 

18 

18 

18 

19 

10 

20 

20 

21 

21 

22 

22 

23 

23 

24 

27 

28 

17 

18 

18 

19 

19 

20 

20 

21 

21 

21 

22 

22 

23 

23 

24 

24 

ffi 

28 

29 

18 

IS 

19 

19 

20 

20 

21 

21 

22 

22 

23 

23 

24 

24 

25 

26 

26 

29 

30 

19 

19 

20 

20 

21 

21 

22 

22 

23 

23 

24 

24 

26 

25 

26 

26 

27 

30 

"ST 

ir 

"M 

20 

21 

21 

22 

22 

-^ 

23 

-2r 

~W 

-^ 

-^ 

~26" 

~26" 

~2r 

-TT 

-sr 

32 

20 

20 

21 

21 

22 

22 

23 

24 

28 

26 

26 

28 

27 

27 

28 

28 

32 

33 

20 

21 

21 

22 

23 

23 

24 

24 

25 

26 

26 

26 

27 

28 

28 

29 

33 

34 

21 

22 

22 

23 

23 

24 

24 

26 

26 

26 

27 

27 

28 

28 

29 

29 

30 

34 

36 

22 

22 

23 

23 

24 

26 

25 

26 

27 

27 

28 

29 

29 

30 

30 

31 

36 

~36" 

-22- 

-^ 

-w 

^r 

-w 

-w 

"26" 

-2r 

~W 

-^ 

-^ 

29 

~2r 

-30" 

31 

31 

32 

36 

37 

23 

23 

24 

25 

25 

26 

27 

27 

28 

28 

29 

30 

30 

31 

31 

32 

33 

37 

88 

23 

24 

25 

25 

26 

27 

27 

28 

29 

29 

SO 

30 

31 

82 

32 

33 

34 

38 

89 

24 

25 

25 

26 

27 

27 

28 

29 

29 

30 

31 

31 

32 

33 

34 

34 

39 

40 

25 

26 

26 

27 

27 

28 

29 

29 

30 

31 

31 

32 

33 

34 

35 

35 

40 

41 

25 

"26" 

"2f 

"27" 

^8" 

"29" 

^9" 

^0" 

"sT 

'~n 

^32" 

"sT 

"sT 

-36" 

-3r 

~36" 

41 

42 

26 

27 

27 

28 

29 

29 

30 

31 

32 

32 

33 

34 

34 

35 

36 

36 

37 

42 

43 

27 

27 

28 

29 

29 

30 

31 

32 

32 

34 

34 

36 

36 

37 

37 

3S 

43 

44 

27 

28 

29 

29 

30 

31 

32 

33 

34 

34 

35 

36 

37 

37 

38 

39 

44 

46 

28 

29 

29 

30 

31 

82 

32 

33 

34 

35 

35 

36 

37 

38 

38 

39 

40 

45 

-« 

28 

'W 

SO 

"ST 

"ST 

"sr 

"33" 

-Si 

35 

35 

^6" 

"ST 

-sr 

"ST 

39 

~io" 

41 

46 

47 

29 

30 

31 

31 

34 

34 

36 

36 

37 

38 

38 

40 

41 

42 

47 

'  48 

30 

30 

31 

32 

33 

34 

34 

35 

36 

37 

38 

38 

39 

40 

41 

42 

42 

48 

49 

30 

31 

32 

33 

33 

34 

36 

36 

37 

38 

38 

39 

40 

41 

42 

42 

43 

49 

60 

31 

32 

33 

33 

34 

36 

36 

37 

38 

38 

39 

40 

41 

42 

43 

43 

44 

60 

"sr 

"ST 

"S" 

"M 

"34 

"36" 

36 

37 

"sT 

"sT 

"^ 

~40" 

~4r 

~42" 

~W 

43 

44 

~45" 

61 

62 

32 

33 

34 

85 

36 

38 

37 

89 

40 

41 

42 

42 

43 

44 

46 

46 

52 

63 

33 

34 

34 

36 

36 

37 

38 

30 

40 

41 

42 

42 

43 

44 

45 

46 

47 

63 

64 

33 

34 

36 

36 

37 

38 

89 

40 

41 

41 

42 

43 

44 

46 

46 

47 

48 

64 

66 

"66" 

34 
M" 

36 
"ST 

36 

37 

38 

39 

39 

40 

41 

42 

43 

44 

46 

46 

47 

48 

49 

66 

■36" 

^ 

ir 

^9" 

"45" 

41 

"W 

~43" 

-iT 

~45" 

~46" 

~4r 

~4r 

"49" 

-4S 

66 

67 

36 

36 

37 

38 

39 

40 

41 

42 

43 

44 

46 

40 

47 

48 

48 

49 

50 

67 

6S 

36 

37 

38 

39 

40 

41 

42 

43 

44 

44 

46 

46 

47 

48 

49 

60 

61 

58 

B» 

8« 

37 

38 

39 

40 

41 

42 

43 

44  1    46 

46 

47 

48 

49 

60 

61 

62 

59 

eo 

87 

38 

39 

40 

41 

42 

43 

44 

46       46 

47 

48 

49 

60 

61 

62 

53 

60 

ijGoogle 


Page  676] 

TABLE  12. 

For  flsdins  the  Variation  of  the  Bnn's  I 
any  number  ol  inmnt€B  of  tiine,  the 
and  the  number  of  minutes  of  time 

r  Dedination.  or 

of  the 

Eqnati(«ofTime,iD| 

Horary  Motion  being  given  at  the 

topo 
Ldmg 

tSei 

in  the  side  column. 

AlBoforfii 

the  Variation  of  the  1 

seconds  of  time, 

the  motion 

in  one  minate  beins;  area  1 

umn  being 

M. 

BoiUT  motion- 

IL 

M" 

W 

tv 

•J' 

tv 

tf 

•0" 

•1" 

M" 

«" 

•4" 

«" 

M* 

«" 

•8" 

•f 

1%r 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 

2 

1 
2 

1 

2 

1 
2 

1 

2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

I 

2 

3 

3 

3 

3 

3 

3 

3 

3 

8 

3 

3 

8 

3 

8 

8 

3 

3 

4 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

6 

6 

6 

4 

6 

5 

5 

5 

5 

8 

6 

6 

6 

6 

5 

5 

5 

6 

6 

6 

a 

6 

6 

8 

"X 

~6" 

"T 

-r 

~8" 

T 

~5' 

—6" 

"*T 

6 

7 

6 

6 

7 

7 

7 

7 

7 

7 

7 

7 

7 

8 

8 

6 

8 

8 

8 

7 

8 

7 

7 

7 

8 

8 

8 

8 

8 

8 

9 

9 

9 

0 

9 

9 

9 

8 

« 

8 

8 

8 

9 

9 

9 

9 

9 

9 

0 

10 

10 

10 

10 

10, 

10 

11 

9 

10 

9 

9 

9 

10 

10 

10 

10 

10 

10 

11 

11 

11 

11 

11 

11 

12 

12 

10 

11 

-w 

lo" 

-w 

"10" 

IT 

"TT 

"TT 

~n 

-w 

-w 

-w 

-12" 

ir 

"TS" 

-is" 

12 

11 

11 

11 

11 

12 

12 

12 

12 

12 

13 

13 

13 

13 

13 

14 

14 

14 

IS 

13 

12 

12 

12 

12 

13 

13 

13 

13 

IS 

14 

14 

14 

14 

16 

16 

16 

16 

13 

14 

13 

13 

13 

13 

14 

14 

14 

14 

14 

15 

16 

16 

15 

16 

16 

16 

IS 

14 

15 

14 

14 

14 

14 

15 
16" 

15 

15 

15 

16 

16 

16 

16 

17 

17 

17 

17 

18 

16 

16 

14 

TT 

"IT 

15" 

16 

16 

-w 

17 

"IT 

18 

-18" 

-IT 

18 

10 

18 

17 

15 

IB 

16 

16 

16 

17 

17 

17 

18 

18 

18 

18 

19 

10 

19 

20 

30 

17 

18 

16 

17 

17 

17 

17 

18 

IB 

IB 

19 

19 

10 

SO 

20 

20 

20 

21 

21 

18 

19 

17 

17 

18 

18 

18 

19 

10 

19 

20 

20 

20 

21 

21 

21 

22 

22 

22 

19 

20 

18 

18 

19 

19 

19 

20 

20 

20 

21 

21 

21 

22 

22 

22 

23 

23 

2S 

20 

^r 

19 

19 

-w 

'M 

20 

"2r 

-2r 

""2r 

-^ 

-^ 

-W 

23 

~^ 

-2r 

24 

-M 

21- 

22 

20 

20 

21 

21 

21 

22 

22 

22 

23 

23 

23 

24 

24 

25 

26 

25 

26 

22 

23 

21 

21 

21 

22 

22 

23 

23 

23 

24 

24 

26 

25 

25 

26 

26 

26 

27 

23 

24 

22 

22 

22 

23 

23 

24 

24 

24 

26 

26 

26 

26 

28 

27 

27 

28 

28 

24 

26 

23 

23 

23 

24 

24 

26 

26 

28 

26 

28 

27 

27 

28 

28 

28 

29 

29 

25 

~M 

23 

'W 

24 

"ZT 

26 

"26" 

"M" 

"M" 

~zr 

~zr 

~W 

'W 

-29" 

29 

29 

-30" 

"30" 

2S 

27 

24 

26 

25 

26 

26 

27 

27 

27 

28 

28 

29 

29 

30 

bO 

31 

31 

32 

27 

28 

26 

26 

26 

27 

27 

28 

28 

28 

29 

29 

30 

30 

31 

31 

32 

32 

38 

28 

29 

26 

27 

27 

28 

28 

29 

29 

29 

30 

30 

31 

31 

32 

32 

33 

33 

34 

29 

80 

27 

28 

28 

29 

20 

30 

30 

31 

31 

32 

32 

33 

33 

34 

34 

36 

36 

SO 

-sT 

28- 

■w 

-29" 

"29" 

"30" 

"30" 

ir 

~M" 

~M" 

"33" 

"sr 

"M" 

TT 

•"35" 

-36" 

-36" 

"36" 

32 

29 

29 

30 

30 

31 

31 

32 

33 

34 

34 

35 

35 

36 

36 

37 

37 

SX 

S3 

30 

30 

31 

31 

32 

33 

34 

34 

36 

36 

36 

36 

37 

37 

39 

33 

34 

31 

31 

32 

32 

83 

33 

34 

36 

35 

36 

36 

37 

37 

38 

39 

30 

40 

34 

35 

32 

32 

33 

33 

34 

34 

36 

36 

36 

37 

37 

38 

39 

39 

40 

40 

41 

35 

~36" 

w 

^3" 

^ 

"34" 

"ST 

"35" 

"36" 

"ST 

"ST 

"sT 

-38" 

-»" 

40 

-40" 

41 

41 

"42" 

37 

33 

34 

35 

36 

36 

36 

37 

38 

38 

39 

40 

41 

41 

42 

43 

43 

87 

38 

34 

36 

36 

36 

37 

37 

38 

39 

89 

40 

41 

41 

42 

42 

43 

44 

44 

36 

39 

36 

36 

36 

37 

38 

38 

39 

40 

40 

41 

42 

42 

43 

44 

44 

46 

4« 

39 

40 

36 

37 

37 

38 

39 

39 

40 

41 

41 

42 

43 

43 

44 

46 

46 

46 

47 

.40 

37 

38 

38 

39 

40 

40 

41 

~42" 

42 

""IT 

"iT 

~U 

46 

-ir 

47 

48 

41 

42 

38 

39 

39 

40 

41 

41 

42 

43 

43 

44 

45 

46 

46 

47 

48 

48 

49 

43 

43 

39 

39 

40 

41 

42 

42 

43 

44 

44 

45 

46 

47 

47 

48 

49 

49 

50 

43 

44 

40 

40 

41 

42 

43 

43 

44 

46 

46 

46 

47 

48 

48 

49 

50 

51 

51 

44 

46 

41 

41 

42 

43 

44 

44 

46 

46 

47 

47 

48 

49 

50 

60 

51 

52 

63 

46 

~« 

"4r 

"« 

"« 

"44" 

44 

~4r 

"M" 

"47" 

~4r 

~48" 

~49" 

-50 

-sT 

-ST 

-«" 

^sr 

~bi 

45 

47 

42 

43 

44 

46 

45 

46 

47 

48 

49 

40 

60 

61 

62 

62 

53 

54 

55 

47 

48 

43 

44 

45 

46 

46 

47 

48 

49 

60 

50 

51 

63 

54 

54 

55 

56 

48 

49 

44 

46 

46 

47 

47 

48 

49 

50 

61 

61 

62 

53 

64 

66 

56 

66 

67 

« 

60 

45 

46 

47 

48 

48 

49 

60 

61 

62 

63 

63 

64 

66 

66 

67 

58 

68 

50 

"n" 

46" 

"47" 

ir 

"M" 

"4r 

"wT 

~6r 

"62" 

~63" 

"H" 

"W 

-ST 

~S6 

"BT 

-58" 

"M" 

"60" 

51 

52 

47 

48 

49 

49 

60 

51 

62 

53 

54 

55 

56 

56 

57 

68 

59 

60 

61 

52 

63 

48 

49 

49 

50 

61 

62 

63 

54 

55 

66 

57 

67 

68 

69 

60 

61 

62 

53 

64 

49 

50 

50 

61 

62 

63 

64 

66 

66 

67 

68 

69 

69 

60 

61 

62 

64 

65 

50 

50 

61 

IT 

63 

54 

66 

66 

57 

68 

59 

60 

61 

61 

62 

64 

66 

56 

50 

51 

■ST 

"M 

~5r 

"M" 

67 

"TT 

~W 

-sr 

61 

-M" 

-63" 

-TO" 

~w 

"66" 

"5g" 

67 

51 

62 

53 

54 

55 

66 

67 

68 

59 

60 

61 

63 

64 

65 

66 

67 

57 

68 

62 

53 

64 

66 

56 

'57 

68 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

68 

59 

53 

54 

55 

56 

67 

58 

69 

60 

61 

62 

63 

64 

66 

66 

67 

68 

69 

59 

60 

54 

55 

66 

57 

58 

59 

60 

61 

62 

63 

64 

66 

66 

67 

68 

69 

70 

60 

ijGoogle 


TABLE  12. 

LP^err  1 

Itorflndb^  theTarUtionof  the  Son'e 

"^ 

Aacenaon  or  Dedination,  or 

oftheE<inationolTinie,in| 

any  nnmber  of  minntM  of  time,  the 

ry  Motion  b^g 

given 

at  the 

top  of  the 

paee  m  aeoonds,  1 

and  the  nnmber  of  minatee  of  time  in  the  ride  column. 

Also  for  findluft  tbe  Vanation  of  tbe  1 

Hoon-B  DecUn&tion  or  BiKht  Ascennon  in  eeconds  of  time,  tbe  motioti 

in  one  ndnnte  beimr  eiven  1 

at  the  top,  and  the  nombeis  in  the  ride  coltmin  being  taken  for  eeconda. 

1 

K. 

HoBurr 

motol. 

»!■ 

7f 

JM 

If 

w 

!•* 

71' 

SB" 

If 

90* 

81* 

sr 

sr 

8** 

8** 

w 

97' 

M. 

1 

2 

1 

2 

I 

2 

1 

2 

1 
2 

1 

8 

1 

3 

1 

3 

1 

3 

1 
8 

1 
3 

1 
3 

1 
3 

1 
3 

1 

3 

1 

3 

1 

3 

1 

3 

1 

2 

8 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 

4 

6 

5 

6 

6 

5 

6 

6 

5 

5 

5 

5 

6 

6 

6 

6 

6 

4 

6 

6 

6 

6 

6 

e 

6 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

6 

-6 

T 

-T 

7 

-T 

~T 

8" 

—8" 

— 8" 

—8" 

— T 

T 

~r 

9 

6 

7 

6 

S 

9 

9 

9 

9 

9 

9 

9 

9 

9 

10 

10 

10 

10 

10 

10 

7 

8 

9 

10 

10 

10 

10 

10 

10 

10 

11 

11 

11 

11 

11 

11 

11 

11 

12 

8 

9 

11 

11 

11 

11 

11 

11 

12 

12 

12 

12 

12 

12 

12 

13 

13 

18 

13 

9 

10 

13 

12 

12 

12 

18 

13 

13 

13 

IS 

13 

14 

14 

14 

^1 

14 

4 

16 

10 

"IT 

ir 

T3" 

13" 

~H 

"14" 

-li 

TT 

~lA 

"18" 

"16" 

-ir 

-IT 

16 

-16" 

6 

T6" 

11 

12 

1* 

14 

15 

15 

16 

15 

16 

16 

16 

16 

16 

16 

17 

17 

17 

7 

17 

12 

13 

16 

16 

16 

16 

16 

16 

17 

17 

17 

17 

18 

18 

18 

18 

18 

19 

19 

13 

14 

17 

17 

17 

17 

18 

18 

18 

18 

18 

19 

19 

19 

19 

20 

20 

20 

20 

14 

le 

18 

18 

18 
19" 

19 

19 

19 

19 

20 

20 

20 

20 

21 

21 

21 

21 

22 

22 

15 

"IT 

"ir 

"20" 

"20- 

-w 

-2r 

-w 

-^ 

-^ 

-22 

~w 

-23" 

"^ 

16 

17 

20 

20 

21 

21 

21 

22 

22 

22 

22 

23 

23 

23 

24 

24 

24 

24 

26 

17 

18 

21 

22 

22 

23 

23 

23 

23 

24 

24 

24 

25 

25 

25 

26 

26 

26 

IB 

19 

22 

23 

23 

23 

24 

24 

24 

26 

25 

26 

26 

26 

26 

27 

27 

27 

28 

19 

20 

li- 

24 

24 

25 

25 

ffi 

26 

26 

26 

27 

27 

27 

28 

28 

28 

29 

29 

20 

"^ 

W 

'W 

"26" 

"26" 

"2r 

~27" 

~W 

~2r 

~M" 

-M" 

-^ 

29 

29 

29 

30 

^0" 

"30" 

21 

22 

26 

26 

27 

27 

28 

28 

28 

29 

29 

29 

SO 

30 

30 

31 

31 

32 

32 

22 

23 

27 

28 

28 

28 

29 

29 

30 

30 

30 

31 

31 

31 

32 

32 

33 

33 

33 

23 

24 

28 

29 

29 

30 

30 

30 

31 

31 

32 

32 

32 

33 

33 

34 

34 

34 

34 

24 

25 

30 

30 

30 

31 

31 

32 

32 

33 

33 

S3 

34 

34 

36 

36 

36 

36 

36 

25 

"25" 

3r 

IT 

"sT 

32 

S3 

33 

33 

-w 

*3r 

35 

36 

^6" 

36 

36 

37 

"sT 

38 

W 

27 

32 

32 

33 

33 

84 

34 

35 

36 

86 

86 

36 

37 

37 

38 

39 

39 

27 

28 

33 

34 

34 

36 

36 

36 

36 

36 

37 

37 

38 

38 

39 

39 

40 

40 

41 

28 

29 

34 

36 

35 

36 

36 

37 

37 

38 

39 

39 

40 

40 

41 

41 

42 

42 

29 

30 

36 

86 

37 

37 

38 

38 

39 

39 

40 

40 

41 

41 

42 

42 

43 

43 

44 

SO 

~U 

37 

IT 

"38" 

"sr 

"39" 

"19" 

~40" 

"40" 

-«" 

-«" 

-42" 

-^ 

-ST 

"ir 

"iT 

-iT 

"46" 

-sT 

S2 

38 

38 

39 

39 

40 

41 

41 

42 

42 

43 

43 

44 

44 

45 

46 

46 

46 

32 

33 

39 

40 

40 

41 

41 

42 

42 

43 

•43 

44 

46 

45 

46 

46 

47 

47 

48 

38 

34 

40 

41 

41 

42 

43 

43 

44 

44 

46 

45 

46 

46 

47 

48 

48 

49 

49 

34 

36 

41 

42 

43 

43 
44 

44 

44 

45 

46 

46 

47 

47 

48 

48 

49 

60 

50 

61 

36 

-36 

IT 

13" 

IT 

"45" 

"l6" 

"46" 

~~^ 

48 

-49" 

~49" 

-60" 

"60" 

5r 

■52" 

"55" 

36" 

37 

44 

44 

46 

46 

46 

47 

47 

48 

49 

.  » 

51 

51 

52 

62 

53 

54 

87 

S8 

46 

46 

46 

47 

48 

48 

49 

49 

60 

51 

61 

52 

63 

63 

64 

64 

56 

38 

3» 

46 

47 

47 

48 

49 

49 

60 

51 

51 

62 

63 

63 

64 

66 

66 

66 

57 

39 

_40 

47 

48 

49 

49 

£0 

61 

61 

62 

53 

63 

54 

55 

55 

56 

67 

67 

58 

40 

49" 

TT 

"50" 

"er 

"sT 

~62 

'W 

"M" 

54 

-M 

~sr 

-6r 

57 

-57" 

-68" 

"69" 

"M 

41 

42 

50 

60 

51 

62 

63 

63 

6* 

65 

65 

56 

57 

67 

68 

59 

60 

60 

61 

42 

43 

51 

62 

52 

63 

54 

64 

65 

66 

67 

67 

68 

69 

69 

60 

61 

62 

62 

43 

44 

52 

63 

54 

64 

66 

66 

66 

67 

58 

69 

59 

60 

61 

62 

62 

63 

64 

44 

46 

63 

64 
55 

66 
56 

66 

66 

67 

68 

69 

59 

60 

61 

62 

62 

63 

64 

66 

66 

45 

46 

67 

68 

"68" 

-w 

-60" 

-&r 

-w 

-m- 

"63" 

64 

""W 

-er 

66 

-OT 

"iT 

47 

56 

66 

57 

58 

59 

60 

60 

61 

62 

63 

63 

64 

66 

66 

67 

67 

68 

47 

48 

57 

68 

63 

69 

60 

61 

62 

62 

63 

64 

65 

66 

66 

67 

68 

69 

70 

48 

49 

58 

69 

60 

60 

61 

63 

64 

66 

65 

66 

67 

69 

69 

70 

71 

49 

50 

69 

60 

61 

62 

63 

63 

64 

66 

66 

67 

68 

68 

60 

70 

71 

72 

73 

50 

"n 

60" 

sr 

-w 

"ffif 

"64" 

"66- 

"l6" 

-66" 

"er 

-68" 

^69" 

-70" 

~ir 

"TT 

-72" 

-tT 

-74" 

51" 

62 

62 

62 

63 

64 

66 

66 

67 

68 

68 

69 

70 

71 

72 

73 

74 

76 

76 

52 

53 

64 

64 

65 

66 

67 

68 

69 

70 

71 

72 

72 

73 

74 

76 

76 

77 

68 

64 

64 

66 

66 

67 

68 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

77 

78 

64 

65 

66 

66 

67 

68 

69 

70 

71 

72 

72 

73 

74 

75 

76 

77 
78 

78 

79 

80 

65 

"66" 

"er 

"gr 

68 

ir 

"70" 

"IT 

72 

73 

-75" 

-tT 

-tT 

77 

"ir 

-80" 

81 

"66" 

57 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

60 

81 

82 

57 

68 

69 

70 

71 

72 

73 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

58 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

59 

60 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

— 

84 

85 

86 

87 

60 

ijGoogle 


FaC«678] 

TABL£  13. 

1 

uiy  number  of  tninates  of  time 
mnd  the  nmnber  of  minatee  o 

tJme  in  the  nde  column. 

Also  for  fiDtfins 

tlte  Variation  of  the  1 

eeconds  of  time,  the  motion  in  one  mimate  beinft  siven  I 

at  the  top  and  the  nomben  in  the  ode  oolnmn  being  taken  tor  aeconda. 

1 

M. 

Honmnotion. 

M. 

BS* 

B*- 

w 

tl- 

M* 

w 

•4* 

tc 

H- 

«- 

•8- 

•f 

IM* 

1«1' 

IM* 

IM* 

IM* 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

2 

3 

3 

3 

3 

3 

3 

3 

3 

8 

8 

S 

S 

3 

3 

8 

s 

3 

4 

5 

6 

6 

6 

5 

5 

5 

5 

6 

6 

5 

5 

5 

6 

6 

3 

4 

6 

6 

B 

6 

6 

6 

6 

6 

6 

7 

7 

7 

7 

7 

7 

7 

4 

e 

7 

8 

8 

8 

8 

8 

S 

8 

8 

8 

8 

8 

9 

» 

« 

6_ 

■6 

-9" 

"T 

"T 

-9" 

-9 

—9" 

9 

-w 

^r 

TT 

-10" 

-fo" 

~io" 

~W 

-Jo" 

-10" 

~io" 

7 

10 

10 

H 

11 

11 

11 

11 

11 

11 

IX 

11 

12 

12 

12 

12 

12 

12 

7 

12 

12 

12 

12 

12 

12 

13 

13 

IS 

13 

13 

IS 

IS 

13 

14 

14 

14 

8 

8 

13 

13 

14 

14 

14 

14 

14 

14 

14 

16 

15 

16 

16 

16 

16 

16 

16 

9 

10 
11 

16 

15 

16 

16 

15 

16 

16 

16 

16 

16 

16 

17 

17 

17 

17 

17 

17 

10 

Tg" 

TT 

TT 

"TT 

nr 

"IT 

-17" 

~ir 

"TT 

~18" 

~W 

18 

"TT 

19 

19 

19 

12 

18 

18 

18 

18 

18 

19 

19 

19 

19 

19 

20 

20 

20 

20 

20 

21 

21 

13 

18 

19 

19 

20 

20 

20 

20 

20 

SI 

21 

21 

21 

21 

22 

22 

22 

22 

23 

13 

14 

21 

21 

21 

21 

21 

22 

22 

22 

22 

23 

23 

23 

24 

24 

24 

24 

14 

15 

22 

22 

23 
24 

23 

23 

23 

24 

24 

24 

24 

25 

25 

26 

26 

26 

26 

26 

16 

16 

W 

"24" 

-u 

"25" 

-25" 

"26" 

-^ 

-26" 

-2r 

-26" 

-26" 

~w 

27 

27 

~-w 

-~W 

16" 

17 

26 

25 

26 

26 

26 

27 

27 

27 

27 

28 

28 

28 

29 

29 

29 

2S 

17 

IS 

26 

27 

27 

27 

28 

28 

28 

29 

29 

29 

29 

30 

30 

30 

31 

31 

31 

18 

19 

28 

28 

29 

29 

29 

29 

SO 

30 

30 

31 

SI 

31 

32 

32 

32 

38 

33 

19 

20 

29 

30 

30 

30 

31 

31 

31 

S2 

32 

32 

S3 

33 

33 

84 

34 

34 

35 

20 

21 

SI 

31 

■^ 

"^ 

-w 

"33" 

"M* 

"sT 

"sT 

-sT 

"ST 

"36" 

-35" 

-35" 

-38" 

"M" 

^6 

"2r 

S2 

32 

33 

33 

33 

34 

34 

34 

36 

SB 

86 

36 

36 

37 

37 

S7 

38 

38 

22 

23 

34 

34 

36 

36 

86 

36 

36 

36 

87 

37 

38 

38 

38 

89 

89 

40 

23 

24 

35 

36 

36 

37 

37 

38 

38 

38 

39 

89 

40 

40 

40 

41 

41 

ti 

24 

26 

37 

37 

38 

38 

39 

40 

40 

40 

41 

41 

42 

42 

43 

43 

43 

25 

-26 

W 

39 

■39- 

"40" 

-40" 

"iT 

41 

-^ 

-w 

~W 

-43 

-«" 

-iT 

"iT 

-«" 

-« 

"ar 

27 

40 

40 

41 

41 

41 

42 

42 

43 

43 

44 

44 

46 

46 

45 

46 

46 

47 

27 

28 

41 

42 

42 

42 

43 

43 

44 

44 

46 

46 

46 

46 

47 

47 

48 

48 

49 

28 

29 

43 

43 

44 

44 

44 

46 

46 

46 

46 

47 

47 

48 

48 

49 

49 

60 

SO 

29 

30 

44 

45 

45 

46 

46 

47 

47 

48 

48 

49 

49 

60 

50 

61 

51 

62 

62 

30 

is 

ir 

-47" 

IT 

-« 

-49" 

-« 

-50" 

-60" 

"er 

51 

52 

-62" 

-53" 

-6^ 

-sT 

IT 

32 

47 

47 

48 

49 

49 

60 

60 

61 

61 

52 

52 

58 

63 

64 

64 

56 

65 

32 

33 

48 

49 

60 

60 

51 

51 

52 

52 

63 

63 

64 

64 

55 

56 

56 

57 

57 

33 

84 

50 

60 

51 

52 

52 

53 

63 

64 

64 

65 

56 

56 

57 

67 

68 

68 

69 

34 

35 

51 

62 

63 

63 

64 

64 

65 

66 

66 

57 

57 

68 

68 

69 

60 

60 

61 

35 

^6- 

■63" 

■w 

"ST 

■w 

"M" 

-w 

-w 

"ST 

-68" 

-ST 

-69- 

~W 

60 

61 

"M" 

62 

"sT 

37 

54 

56 

66 

66 

57 

57 

68 

69 

69 

60 

60 

61 

62 

62 

63 

64 

64 

37 

38 

66 

66 

67 

68 

68 

69 

60 

60 

61 

61 

62 

63 

63 

64 

66 

65 

66 

38 

39 

67 

58 

69 

69 

60 

60 

61 

62 

62 

64 

64 

66 

66 

66 

67 

68 

SO 

40 

69 

69 

60 

61 

61 

62 

63 

63 

64 

05 

65 

66 

67 

67 

68 

69 

69 

40 

41 

80" 

"er 

"62" 

-w 

"^ 

"ST 

TT 

-65" 

-66" 

~m 

-sr 

-ST 

-ST 

69 

■^70" 

70 

71 

41 

42 

62 

62 

63 

64 

64 

66 

66 

67 

67 

68 

69 

69 

70 

71 

71 

72 

73 

42 

43 

63 

64 

66 

65 

66 

67 

67 

68 

69 

70 

70 

71 

72 

72 

73 

■  74 

75 

43 

44 

65 

66 

66 

67 

67 

68 

69 

70 

70 

71 

72 

73 

73 

74 

76 

76 

76 

44 

45 

66 

67 

68 

68 

69 

70 

71 

71 

72 

73 

74 

74 

76 

76 

77 

77 

78 

45 

~ie 

W 

"ST 

"69" 

^70" 

71 

71 

-w 

~W 

74 

-tT 

-?6" 

-tT 

"tT 

-tT 

-tT 

-79" 

-80" 

"46" 

47 

69 

70 

71 

71 

72 

73 

74 

74 

76 

76 

77 

78 

78 

79 

80 

81 

81 

47 

48 

70 

71 

72 

73 

74 

74 

75 

76 

77 

78 

78 

79 

80 

81 

62 

82 

83 

48 

49 

72 

73 

74 

74 

76 

76 

77 

78 

78 

79 

80 

81 

82 

82 

83 

84 

85 

49 

60 

73 

74 

75 

76 

77 

78 

78 

79 

80 

81 

82 

83 

84 

86 

86 

87 

50 

~Sl 

JT 

-n 

-77" 

"TT 

78 

"79" 

80 

-sT 

-sr 

-sr 

S3 

~8i 

-86" 

-86" 

"sT 

-sT 

-er 

"sr 

52 

76 

77 

78 

79 

80 

81 

81 

82 

83 

84 

86 

86 

87 

88 

88 

89 

90 

82 

63 

78 

79 

80 

80 

81 

82 

83 

84 

86 

86 

87 

87 

88 

89 

90 

91 

92 

63 

64 

79 

80 

81 

82 

83 

84 

86 

86 

86 

87 

69 

90 

91 

92 

93 

94 

54 

55 

81 

82 

83 

83 

84 

86 

86 

87 

88 

89 

90 

91 

92 

93 

94 

94 

95 

66 

56 

w 

"83" 

"sT 

"86" 

"86" 

-ST 

"88" 

-89" 

-90" 

-9r 

~W 

~92 

~W 

94 

"^ 

96 

97 

66 

57 

84 

86 

86 

86 

87 

88 

90 

91 

92 

94 

95 

96 

97 

98 

99 

57 

58 

86 

86 

87 

88 

89 

90 

91 

92 

04 

95 

96 

97 

98 

99 

100 

101 

68 

59 

87 

88 

89 

90 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

69 

60 

88 

89 

90 

91 

92 

93 

94 

96 

96 

97 

98 

99 

100 

101 

102 

103 

104 

60 

ijGoogle 


TABLE  12. 

[F»g«e79   1 

T  number  of  mintitM  o 

time. 

the  Uonry  Motion  b«anK  fpven  at  the  to 

p  of  the  paice 

ln»econd8,  1 

d  the  number  of  minatee  ot 

time  i 

the  Bide  co 

Also  for  flndiiiff  the  Vuiatior  of  the  1 

Hoon-i 

Dedin«tlon 

in  seconds  ot  time,  the  motion  in  one  mioate  beins  riveD  1 

for  teeoDda. 

H. 

Bonrjmotlan. 

H. 

!••- 

!«•■ 

!«■ 

Uf 

IM* 

llO* 

111* 

itv 

Ilt- 

114' 

lie 

lie- 

117- 

US' 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

2 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

2 

8 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

3 

4 

7 

7 

7 

7 

7 

7 

7 

8 

8 

8 

8 

8 

8 

4 

5 

9 

9 

9 

9 

9 

9 

0 

0 

10 

10 

10 

10 

10 

6 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

12 

12 

12 

12 

6 

7 

12 

12 

12 

13 

13 

13 

13 

13 

13 

13 

13 

14 

14 

14 

7 

8 

14 

14 

14 

14 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

8 

9 

16 

16 

16 

16 

16 

17 

17 

17 

17 

17 

17 

17 

18 

18 

0 

JO 

18 

18 

18 

18 

IS 

18 

19 

19 

10 

19 

19 

10 

20 

20 

10 

TT 

TT 

19 

-w 

20 

20 

20 

— 2r 

21 

2i 

— sr 

21 

■~w 

— S" 

11 

12 

21 

21 

21 

22 

22 

22 

22 

22 

23 

23 

23 

23 

23 

24 

12 

13 

23 

23 

23 

23 

24 

24 

24 

24 

24 

26 

25 

26 

26 

26 

13 

14 

26 

25 

26 

26 

25 

26 

26 

26 

26 

27 

27 

27 

27 

28 

14 

IB 

26 

27 

27 

27 

27 

28 

28 

28 

28 

20 

29 

20 

20 

30 

16 

"16" 

-^ 

~28" 

~29' 

^9" 

"M 

89 

30 

30 

30 

30 

31 

31 

31 

31 

16 

17 

30 

30 

30 

31 

31 

31 

31 

32 

32 

S2 

33 

33 

33 

33 

17 

18 

32 

32 

32 

32 

33 

33 

33 

34 

34 

34 

36 

36 

36 

36 

18 

19 

33 

34 

34 

34 

35 

35 

36 

36 

36 

36 

36 

37 

37 

37 

10 

20 

36 

35 

36 

36 

36 

37 

37 

37 

38 

38 

38 

39 

30 

20 

-^ 

"87" 

~37" 

-gr 

-^8" 

~38" 

39 

~39" 

30 

40 

40 

40 

41 

41 

41 

21 

22 

39 

39 

39 

40 

40 

40 

41 

41 

41 

42 

42 

43 

43 

43 

22 

23 

40 

41 

41 

41 

42 

42 

43 

43 

43 

44 

44 

44 

45 

46 

23 

24 

42 

42 

43 

43 

44 

44 

44 

46 

46 

46 

46 

46 

47 

47 

24 

26 

44 

44 

46 

46 

46 

46 

46 

47 

47 

48 

48 

48 

40 

49 

26 

~W 

"46" 

"46" 

47 

47 

48 

48 

49 

49 

49 

50 

60 

61 

61 

26 

27 

47 

48 

48 

49 

49 

50 

50 

60 

51 

51 

52 

62 

63 

63 

27 

28 

49 

49 

60 

60 

51 

61 

62 

52 

53 

53 

64 

64 

56 

65 

28 

20 

51 

51 

62 

52 

63 

63- 

54 

54 

66 

66 

56 

66 

57 

67 

29 

30 

53 

5S 

54 

54 

56 

65 

56 

56 

57 

57 

58 

68 

59 

69 

30 

"sr 

54 

~56 

~-E5 

56 

~56" 

67 

67 

58 

68 

59 

59 

60 

—60" 

61 

"sT 

32 

66 

57 

67 

58 

68 

69 

69 

60 

60 

61 

61 

62 

62 

63 

32 

33 

58 

58 

59 

60 

61 

61 

62 

62 

83 

63 

64 

64 

66 

33 

34 

60 

60 

61 

61 

62 

62 

63 

6S 

64 

05 

66 

60 

66 

67 

34 

35 

61 

62 

62 

63 

64 

64 

66 

66 

66 

67 

67 

68 

68 

69 

35 

"36 

"eT 

"ST 

~M 

~6r 

"65" 

60 

"or 

~67" 

68 

68 

66 

70 

—70 

'~n 

"36- 

37 

66 

66 

66 

67 

67 

68 

6S 

69 

70 

70 

71 

72 

72 

73 

37 

38 

67 

67 

68 

68 

60 

70 

70 

71 

72 

72 

73 

73 

74 

75 

38 

39 

68 

68 

70 

70 

71 

72 

72 

73 

73 

74 

75 

76 

76 

77 

39 

40 

70 

71 

71 

72 
^4" 

73 

73 

74 

75 

75 

76 

77 

77 

78 

79 

40 

-« 

"72" 

~72" 

^r 

74 

75 

~76" 

~fr 

~rr 

78 

~79" 

79 

80 

61 

41 

42 

74 

74 

75 

76 

76 

77 

78 

78 

70 

80 

81 

81 

82 

S3 

42 

43 

75 

76 

77 

77 

78 

79 

80 

80 

81 

82 

82 

84 

86 

43 

44 

77 

78 

78 

79 

80 

81 

81 

82 

83 

84 

84 

85 

86 

87 

44 

45 

79 

80 

80 

81 

82 

83 

83 

84 

85 

80 

86 

87 

89 

45 

-« 

-w 

"sr 

"82" 

"KT 

84 

84 

85 

86 

87 

87 

88 

89 

90 

00 

46 

47 

82 

83 

84 

85 

86 

86 

87 

89 

00 

91 

92 

02 

47 

48 

84 

86 

86 

86 

87 

88 

89 

90 

90 

91 

02 

03 

04 

94 

48 

49 

86 

87 

87 

88 

89 

90 

91 

01 

92 

03 

94 

06 

96 

06 

49 

50 

88 

89 

90 

91 

92 

93 

93 

94 

05 

96 

07 

98 

08 

60 

~89- 

~"9r 

91 

92 

93 

94 

94 

95 

96 

97 

08 

09 

99 

100 

51 

52 

91 

92 

94 

94 

96 

96 

07 

96 

90 

100 

101 

101 

102 

52 

63 

94 

95 

95 

96 

97 

98 

09 

100 

101 

102 

102 

103 

104 

53 

54 

96 

96 

96 

97 

06 

90 

100 

101 

102 

103 

104 

104 

106 

106 

54 

65 

90 

97 

98 

99 

100 

101 

102 

103 

104 

165 

1(K 

06 

107 

108 

65 

"sr 

"98" 

~99" 

"ioo" 

~ior 

~m" 

103 

104 

105 

~T06" 

"166" 

Tor 

"08" 

^09" 

110 

"66~ 

67 

100 

101 

102 

103 

104 

106 

106 

106 

107 

IDS 

109 

10 

111 

112 

67 

68 

102 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

68 

69 

103 

104 

105 

106 

107 

108 

109 

no 

111 

HE 

113 

114 

115 

116 

59 

60 

106 

106 

107 

108 

109 

110 

111 

112 

113 

H4 

115 

116 

117 

118 

60 

ijGoogle 


FagreeSO] 

TABI4E  12. 

1 

For 

flndingtbe 
▼  nnmberc 
a  thenom 

or  DecUnatJo 

1,  OT  of  the  Eqtiati<m  of  Tfme.  in  1 

an 

f  minntea  of  time,  the  Horary  Motion 

bong  Kiven  at  the  top  of  the  pa« 

ineecottdB.  1 

an 

ler  of  minnlae  of 
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in  seconds  of  time,  the  motion  in  one  minute 

being  given 
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TABLE  12.                                         [P»««,68.1 

«ny  number  of  minutae  of  time,  the  Honry  Motion  being  given  at  the  top  of  the  poge  in  seconde, 
and  the  number  of  minuUfl  of  time  in  the  eide  column.    Alao  for  finding  the  Variation  of  the 
Moon's  Declination  or  lUghl  Ascenaion  in  seconds  of  time,  the  motion  in  one  minnte  being  given 
at  the  top,  and  the  numbers  in  the  side  column  being  taken  tor  seconds. 
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TABLE  13. 
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129.0 
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137.3 
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136.0 
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137.6 
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166.7 
166.6 
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161.1 
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163.8 
164.7 
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167.4 
168.3 
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161.5 
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163.4 
164.4 
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176.0 
177.0 
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217.4 

204.0 
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141.7 
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162.8 
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205.2 
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206.1 
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146.0 
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11.40 
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169.6 
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181.6 
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217.6 
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240.6 
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ijGoogle 


TABLES  U,  15, 18.                                  [Page6M 

TABLE  14. 

TABLE  Ifi. 
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Horizon. 
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TO  Tabui  16.— The  nnmbera  of  this  Table  below  the  black  lines 

we  the 

same  ae  are  given  in  Table  14,  the  visible  horiMn  cnireepondiDg 
heights  not  being  so  far  distant  as  the  land. 
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P*g9jBm                                         TABLE  17. 

FUalUx  in  AlUtnde  of  ■  Planet. 

■»PI4I>IV 

"  «sass$9?sssss5se?2s:ssesss3s$a 

1 

■5 
a 

at 

SSS3S38S;aSgiSg2J5S3aS2*'-*-'''~-® 

8SSS8Sg3SaSS2S23S*"'-««"'^"» 

1 

SgS3KSSS2SSSS23S»"'-"'°-"**'-® 

ssss^sassssssss**""-**-"''*-* 

SSSSSE5822^2SSS3S»"^»'°'=''"^-« 

ssssjassssasssss*"'-*'*-"""-* 

sassgsssssssas*"-'^**''""^"® 

SSJ§3822S2£3SSS2*"'~**'°'»'''"*''^® 

ggSSSSSSSSSSS'"*'^"*"^"*'""^'^'"* 

22  2SS  2  3  2  S  2  3  S  ^  ■""  """""^  ■*"'"  "^  ""  * 

J5S2SS2S2::S2*"'— «""'^'"'"««""^* 

2S32HS  =  S2»'  — *•»'*"' »>'^*'^"-« 

SSSSSSS*""'-'-**"^*''-"'"'''**'— ®® 

r-.«iS>Oa>oOooci>r-r-.«.<eiO«sv*el(i>o5esiNe«rtrtOO 

go  *  *  =0  <«  r- .- 1,  «»«>  M>  ,  *  «««e.  e,  c*«  ^  -  oo 

ijson]Ogot-t-<-«<D«>ioio*^^o»»*ie«e*M««r-oo 

r-.t.I-.«teWSlO«SIO-r^T«m05iNISM<H«r-M«»C10 

«M(iie-*-»-w*Meoo5m«e»NW<MN  — «-<  — —  f-iooo 

* v*wmo505o5o»Nei«i<MiNe«^  — —  —  F-  — --ooo«    . 

03« 

* 

i 

■•prnmy 

abvGoogle 
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TABLE  18. 

TABLE  19. 
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IV 

IV 

IV 

W 

«' 

•I' 

w 

v 

W 

V 
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0 
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1.6 
2.0 
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0.6 
1.1 
1.6 
2.1 

0.1 
0.7 
1.2 
1.7 
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2.4 
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0.8 
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2.0 
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0 
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3.1 
3.6 
4.1 
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3.3 
3.9 
4.4 
4.9 

3.0 
3.6 
4.1 
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5.2 
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3.8 
4.4 
5.0 
6.6 

3.4 
4.0 
4.7 
6.3 
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12 
14 
16 
18 

0.3 
0.5 
0.6 
0.8 
1.0 
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0.7 
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1.1 
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0.9 
LI 

22 
24 
26 
28 
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6.0 
6.6 
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6.4 
6.9 
7.4 
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6.8 

7.4 
7.0 
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7.3 

7.8 
8.4 
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7.1 
7.7 
8.3 
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22 

24 
26 
28 
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1.7 
2.0 
2.3 
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1.9 
2.2 
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2,6 

32 
34 

se 

38 
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7.7 
8.1 
8.4 
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9.2 
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I.l 
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32 
34 
36 
38 
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4.0 
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4.3 

3.0 
3.4 
3.8 
4.1 
4.6 

42 
44 

46 
48 
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9.6 
9.8 
10.2 

9.8 
10.2 
10.5 
10.9 

10.5 
10.9 
11.3 
11.6 

11.2 
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12.4 

11.9 

12.3 
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13.2 
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13.1 
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46 

46 
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6.6 

62 
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7.6 

7.0 
7.4 
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8.4 
8.7 
9.0 

8.4 
8.8 
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TABLE  20A. 
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TABLE  36. 

VMiation  of  Altitude  in  on 

a  minute  from  meridi&n 

pMsage 

tade" 

DeeUutkmofthe 

NBCDuiuuthelktJtDde: 

■rpw  timiidt;  tedoctloi  ■dMIn. 

f 

1" 

r> 

•» 

*<• 

V 

•> 

JO 

B° 

•° 

If 

11" 

to£ 

A 

• 

• 

' 

' 

28.1 

22.4 

ia7 

16.0 

14.0 

12.4 

11.1 

10.1 

0 

1 

28.0 

22.4 

18.6 

lao 

lao 

12.4 

11.1 

1 

2 

2ao 

22.3 

18.6 

lao 

lao 

las 

s 

3 

27.0 

22.3 

lae 

15.8 

las 

3 

4 

2ai 

27.8 

22.2 
~zrr 

lae 

22.1 

16.  s 
18.4 

4 
6 

5 

22.4 

'Wo' 

6 

16.7 

22.4 

28.0 

27.6 

2ao 

6 

7 

16.0 

18.6 

22.3 

27.0 

27.4 

7 

8 

14.0 

16.0 

18.6 

22.3 

27.8 

8 

9 

12.4 

13.9 

15.9 

18.5 

22.2 

27.7 

9 

10 

TTT 

"12:^ 

13.9 

15.8 

18.5 

■"^nr 

27.6 

10 

11 

10.1 

11.1 

12.  S 

13.8 

15.8 

18.4 

22.0 

27.4 

11 

12 

9.2 

lai 

11.1 

12.3 

13.8 

15.7 

16.3 

21.9 

27.3 

12 

13 

8.6 

9.2 

10.0 

11.0 

12.2 

13.7 

15.6 

18.2 

21.7 

27.1 

13 

14 

7.9 

8.6 

tt.2 

10.0 

10.9 

12.1 

18.8 

16.5 

lao 

21.6 

26.9 

4 

Is 

18 

7.(J 

8.4 

9.1 

9.9 

"109" 

12.1 

1I6 

15.4 

17.0 

srr 

SaJ- 

le 

8.8 

7.3 

7.8 

8.4 

9.1 

9.8 

10.  S 

12.0 

ia4 

las 

17.8 

21.3 

6 

17 

8.4 

6.8 

7.2 

7.8 

8.8 

0.0 

0.8 

10.7 

11.9 

las 

15.2 

17.6 

17 

IS 

8.0 

6.4 

6.8 

7.2 

7.7 

8.3 

8.9 

9.7 

10.6 

11.8 

ia2 

15.0 

18 

i» 

5.7 

6.0 

6.3 

6.7 

7.2 

7.6 

a  2 

ao 

9.6 

10.6 

11.7 

lai 

19 

K 

6.4 

-o- 

6.3 

~9T 

7.1 

-176 

ai 

as 

0.5 

^0- 

TO" 

20 

n 

8.1 

5.4 

.6.6 

6.9 

6.3 

6.6 

7.0 

7.6 

ai 

a7 

0.6 

10.4 

21 

22 

4.9 

8.1 

6.3 

5.8 

5.9 

8.2 

a6 

7.0 

7.5 

ao 

ao 

9.4 

23 

4.6 

4.8 

6.0 

6.3 

6.5 

5.8 

6.1 

a6 

a9 

7.4 

7.9 

a  6 

SS 

24 

4.4 

4.8 

4.8 

6.0 

6.2 

6.6 

5.8 

6.1 

a4 

8.8 

—£4 

7.3 
XT 

7.8 

H 

~sr 

4.2 

4.4 

4.6 

4.7 

5.0 

"O" 

6.4 

~ST 

ao 

•SS 

2$ 

4.0 

4.2 

4.3 

4.5 

4.7 

4.9 

6.1 

a4 

6.7 

8.0 

6.3 

a? 

se 

27 

S.9 

4.0 

4.1 

4.3 

4.6 

4.7 

4.9 

6.1 

5.3 

6.6 

6.9 

a  2 

S7 

28 

8.7 

as 

4.0 

4.1 

4.8 

4.4 

4.6 

4.8 

6.0 

6.3 

5.5 

6.8 

SS 

_  20 

3.6 

3.7 

3.8 

3.9 

4.1 

4.2 

4.4 

4.6 

4.7 

ao 

a2 

5.5 

S9_ 

14 

8.6 

&8 

ST 

3.9 

4.0 

4.2 

48 

4.5 

47 

40 

&i 

31 

8.3 

3.4 

8.5 

3.8 

8.7 

8.8 

4.0 

4.1 

4.3 

44 

46 

48 

31 

82 

8.1 

3.2 

3.3 

8.4 

3.6 

3.7 

as 

ao 

4.1 

42 

44 

46 

3S 

S3 

8.0 

3 

3.2 

3.3 

3.4 

3.5 

as 

a? 

ao 

40 

4  2 

4  3 

SS 

34 

2.9 

8 

3.1 

3.2 

3.2 

3.3 
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a  6 

a7 

as 

ao 

41 

S4 

2.8 

2 

3.6 

3.0 

3.1 

3.2 

a.4 

S.5 

4.6 

~ar 

S.9 

36 

SS 

2.7 

2 

3.8 

2.9 

S.0 

ai 

a2 

as 

a4 

a6 

a6 

a  7 

36 

37 

8.6 

2 

2.7 

8.8 

2.0 

2.0 

ao 

ai 

a^ 

as 

a4 

a6 

S7 

3S 

8.6 

2 

s 

2.6 

2.7 

2.8 

2.8 

1  2.  a 

sji. 

ao 

a  2 

a2 

as 

38 

80 

2.4 

2 

5 

2.6 

2.6 

2.7 

2.7 

'  2.8 

2.9 

-  ao 

ao 

ai 

a2 

38 

■«- 

2.d 

8.4 

2.4 

2.6 

2.6 

2.6 

—2T 

— 2X 

as 

a  9 

d.0 

ao 

4S~ 

41 

3.3 

2.3 

2.4 

2.4 

2.5 

2.5 

2.6 

2.8 

a? 

2.8 

as 

a  9 

41 

42 

2.2 

2.2 

2.3 

2.3 

2.4 

2.4 

2.6 

2.6 

a6 

2.6 

a? 

2.8 

4S 

43 

2.1 

2.1 

2.2 

2.2 

2.3 

2.3 

2.4 

2.4 

a  6 

a  6 

a  6 

a? 

43 

44 

2,0 

2.1 

2.1 

8.1 

2.2 

2.2 

2.3 

as 

a4 

a4 

a5 
2.4 

as 
a4 

44 

46 

2.0 

i.<t 

2.6 

8.1 

2.1 

2.2 

2.2 

2.2 

ti 

2.3 

48 

1.8 

1.9 

2.0 

2L0 

2.0 

2.1 

2.1 

2.2 

t.2 

a  2 

as 

as 

4A 

47 

1.8 

1.9 

1.9 

1.9 

2.0 

2.0 

2.0 

ai 

ai 

2.1 

a2 

a2 

47 

48 

1.8 

1.8 

1.8 

1.9 

1.0 

1.0 

2.0 

8.0 

ao 

2.1 

ai 

ai 

48 

49 

1.7 

1.7 

1.8 

1.8 

1.8 

1.8 

1.9 

1.0 

1.0 

2.0 

ao 

ai 

48 

60 

1.8 

1.7 

1.7 

1.7 

1.8 

1.8 

1.8 

1 

T 

1.9 

1.9 

1.9 

i.6 

61 

1.8 

1.6 

1.8 

1.7 

1.7 

1.7 

1.7 

1 

8 

1.8 

1.8 

1.9 

1.0 

51 

62 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.7 

1 

7 

1.7 

1.8 

1.8 

1.8 

SI 

63 

1.6 

1.6 

1.6 

1.5 

1.6 

1.6 

1.8 

1 

6 

1.7 

1.7 

1.7 

1.7 

SS 

64 

1.4 

* 

1.6 

1.5 

1.6 
1.5 

1.6 

1.6 

1 

6 

1.6 

1.6 

1.6 

L7 

1.6 

64 

66 

1.4 

T 

T 

1.4 

1.4 

1.6 

1.6 

1 

T 

1.6 

~lT 

68 

1.3 

1.8 

1.4 

1.4 

1.4 

1.4 

1.4 

1 

4 

1.6 

L6 

1.6 

1.6 

66 

67 

L3 

1.8 

1.3 

1.3 

1.3 

1.4 

1.4 

1 

4 

L4 

1.4 

1.4 

1.6 

57 

68 

1.2 

1.2 

1.8 

1.3 

1.8 

1.8 

1.3 

1 

8 

1.S 

1.4 

1.4 

L4 

68 

69 

1.2 

1.8 

1.2 

1.2 

1.2 

1.3 

1.3 

1 

3 

1.3 

1.8 

1.3 

1.3 

69 

60 

1.1 

1.1 

1.2 

1.2 

1.2 

1.2 

1.2 

1 

8 

1.8 

1.8 

1.3 

1.3 

60 

v> 
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I» 

r- 

*° 

V 
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TABLE  26.                                          [Fk^  706 
Yariatton  of  Altitude  Id  one.  mionte  from  meridiaa  ptjmga. 

^ 

sa: 

1V> 

ir- 

i*" 

lt« 

ir 

17- 

18" 

If 

UF 

U" 

11" 

m> 

14= 

0 

X 
2 
3 
4 

9.2 
10.1 
11.1 
12.3 
13.8 

8.6 
9.2 
10.0 
11.0 
12.2 

7.9 
8.6 
9.2 
10.0 
10.9 

7.3 
7.8 

8.4 
9.1 
9.9 

6.8 
7.3 

7.8 
8.4 
9.1 

6.4 
6.8 
7.2 

7.8 
8.3 

6.0 
6.4 
6.8 
7.2 

7.7 

6.7 
6.0 
6.8 
8.7 
7.2 

6.4 
6.7 
6.0 
6.3 
6.7 

6.1 
6.4 
6.6 
6.9 
6.8 

4.9 
6.1 
6.3 
6.6 
5.9 

4.6 
4.8 
6.0 
6.3 

6.6 

4.4 
4.6 

4.8 
5.0 

6.2 

0 

1 

2 
3 

4 

6 
7 
8 
9 

18.3 
21.  S 
27.3 

16.6 
18.2 
21.7 
27.1 

13.6 
16.6 
18.0 
21.6 

12.1 
13.5 
15.4 
17.9 

10.8 
12.0 
13.4 
15.3 

9.8 
10.7 
11.9 
13.3 

8.9 

0.7 
10.8 

11.8 

8.2 
8.9 
9.6 
10.6 

7.6 
8.1 
8.8 
9.5 

7.0 
7.5 
8.1 
8.7 

6.6 
7.0 
7.6 
8.0 

6.1 
6.6 
6.9 
7.4 

6.8 
6.1 
6.4 
6.8 

6 
7 
8 
9 

10 
11 
12 
13 
M 

»•" 

26.7 

17.8 
21.8 
36.6 

15.2 
17.6 
21.1 
26.2 

15.0 
17.6 
20.9 
26.0 

11.7 
13.1 
14.9 
17.3 

20.7 

10  5 
11.6 
13.0 

14.8 
17.1 

9.6 
10.4 
11.6 
12.8 
14.6 

9.4 
10.3 
11.3 
12.7 

8.6 
9.8- 
10.1 
11.2 

7.8 
&4 
9.2 
10.0 

10 
1) 
12 
18 
14 

16 

le 

17 
18 
19 

26.6 
21.1 
17.5 
14.9 

26.2 
20.9 
17.3 

26.0 
20.7 

26.7 

26.7 

20.4 
26.4 

16.9 
20.2 
25.1 

14.4 
16.7 
20.0 
24.8 

12.5 
14.3 
16.6 
19.7 
24.6 

11.1 
12.4 
14.1 
16.3 
19.6 

15 
16 
17 
18 
19 

So 

21 
22 
23 
24 

13.0 
11.5 
10.3 
9.3 

8.4 

14.8 
12.8 
11.8 
10.1 
9.2 

17.1 
14.6 
12.7 
11.2 
10.0 

20.4 
16.9 
14.4 
12.5 
11.1 

26.4 
20.2 
16. 7 
14.8 
12.4 

26.1 
20.0 
16.5 
14.1 

24.8 
19.7 
lfi.3 

24.6 
19.5 

24.2 

M.i 

20 
21 
22 
23 
24 

26 
27 
28 
29 

7.7 
7.1 
6.6 
6.2 
8.7 

8.3 
7.6 
7.0 
6.6 
6.1 

8.2 
7.6 
7.0 
6.4 

8.9 
8.1 
7.4 
6.9 

9.8 
8.8 
8.0 
7.8 

12.2 
10.8 
9.6 
8.7 
7.9 

12.1 
10.6 
9.5 
8.6 

13.7 

11.8 
10.6 

9.4 

15.9 
13.5 
11.7 
10.3 

18.9 
16.6 
13.3 
11.6 

23.5 
18.6 
16.4 
13.1 

23.1 
18.3 
16.1 

22.7 
18.0 

26 
27 
28 
29 

3D 
31 
82 
88 
34 

6.4 
5.1 
4.8 
4.5 
4.3 

6.7 
6.8 
6.0 
4.7 
4.4 

6.0 
5.6 
6.2 
4.9 
4.6 

6.4 
6.9 
6.5 
6.1 
4.8 

6.8 
6.3 
6.8 
6.4 
6.1 

7.2 
6.7 
6.2 
6.7 
6.8 

7.8 
7.1 
6.6 
6.1 
6.6 

7.7 
7.0 
6.4 
5.0 

8.3 
7.5 
6.9 
6.8 

9.0 
8.1 
7.4 
6.8 

io;o 

8.9 
8.0 
7.3 

.9.8 
8.7 
7.8 

12.6 
10.9 
9.6 
8.6 

81 

32 
83 
34 

36 
36 
87 
38 
89 

4.0 
3.8 
8.6 
3.4 
3.3 

4.2 
4.0 
3.S 
3.6 
3.4 

4.4 
4.1 
3.9 
3.7 
3.6 

4.5 
4.3 
4.0 
8.8- 
3.6 

4.7 
4.5 
4.2 

3.8 

6.0 
4.7 
4.4 
4.1 
3.9 

5.2 
4.9 
4.6 
4.8 
4.0 

6.5 
6.1 
4.8 
4.5 
4.2 

6.8 
6.4 
5.0 
4.7 
4.4 

6.2 
6.7 

6.8 
4.9 
4.6 

6.6 
6.1 
6.6 
6.2 
4.8 

6!6 
6.0 
6.6 
6.1 

7.0 
6.4 
6.8 
5.4 

36 
36 
87 
SB 
39 

46 
41 
42 
48 
44 

ai 

3.0 
2.9 
2.7 
2.6 

3.2 
3.1 
2.9 
2.8 
2.7 

3.3 
3.2 
3.0 
2.0 
2.7 

i.4 
8.3 
3.1 
3.0 
2.8 

8.6 
3.4 
8.2 

3.0 
2.9 

8.7 
3.6 
3.3 
3.1 
3.0 

3.8 
8.6 
3.4 
3.2 
8.1 

4.0 
8.7 
8.5 
3.8 
3.2 

4.1 
8.0 
3.7 
3.6 
3.3 

4.3 
4.0 
3.8 
8.6 
S.4 

4.5 
4.2 
.4.0 
8.7 
3.6 

4.7 
4.4 
4.J 

s.e 

8.6 

5.0 
4.6 
4.3 
4.0 
3.8 

46 
41 
42 
43 
44 

46 
47 
48 
4« 

■2.5 
2.4 
2.3 
2.2, 
2.1 

2.6 
2.4 
2.8 
2.2 
2.1 

2.6 
2.5 
2.4 
2.3 
2.2 

2.7 
2.6 
2.4 
2.3 
2.2 

2.8 
2.6 
2.5 
2.4 
2.3 

2.8 
2.7 

2:s 

2.4 
2.3 

2.9 
2.8 
2.6 
2.6 
2.4 

3.0 
2.8 
2.7 
2.6 
Z.4 

8.1 
2.9 
2.8 
2.6 
2.5 

3.0 
2.9 
2.7 
2.6 

3.1 
2.9 
2.8 
2.6 

8.2 
3.0 
2.9 
2.7 

3.3 
3.1 
3.0 
2.8 

46 
47 
48 
49 

60 
61 
62 
63 
64 

2.0 
1.8 
1.8 
1.8 
1.7 

2.0 
2.0 
1.9 
1.8 
1.7 

2.1 
2.0 
1.9 
1.8 
1.7 

2.1 
2.0 
1.9 
1.0 
1.8 

2.2 
2.1 
2.0 
1.9 
1.8 

2.2 
2.1 
2.0 
1.0 
1.8 

2.8 
2.2 
2.1 
2.0 
1.9 

2.8 

i.\ 

2.0 
1.9 

2.3 
2.1 
2.0 
1.0 

2.4 
2.3 
2.2 
2.1 
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67 

68 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

3.1 

3.3 

3.6 

3.7 

4.0 

4.4 

4.8 

68 

60 

2.2 

2.3 

2.4 

2.6 

2.8 

2.7 

2.8 

3.0 

8.1 

3.8 

3.6 

8.8 

4.2 

69 

60 

2.1 

2.1 

2.2 

2.3 

2.4 

2.8 

2.6 

2.7 

2.8 

3.0 

8.2 

3.4 

3.6. 

60 

•»» 
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*¥> 

"" 
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w 

4r 

*T 

48" 

w 

M* 
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^ 

r> 

t' 

w 

r> 

*" 

■o 

V 

V 

8° 

V 

w 

11" 

0 

1 
* 
3 
4 
6 
6 
7 
8 
9 

28.1 
22.4 
18.7 
16.0 
14.0 
12.4 

28.1 
22.4 

irr 

16.0 
14.0 
12.4 
11.2 

28.1 
22.4 
18.7 
16.0 
14.0 
12.4 
11.2 
10.2 

28.1 
22.4 
18.7 
16.0 
14.0 
12.6 
11.2 
10.2 
9.S 

28.1 
22.4 
18.7 
16.0 
14.0 
12.  (i 
11.2 
10.2 
9.8 
&6 

22.4 
18.7 
16.0 
14.0 
12.6 
11.2 
10.2 
9.8 
8.6 
8.0 

19.7 
16.0 
14.0 
12.6 
11.2 
10.2 
9.3 
8.6 
8.0 
7.6 

16.0 
14.0 
12.6 
11.2 
10.2 
9.j) 
8.6 
8.0 
7.6 
7.0 

14.0 
12.4 
11.2 
10.2 
9.5 
8.6 
8.0 
7.6 
7.0 
6.6 

12.4 
11.2 
10.2 
9.3 
8.6 
8.0 
7.6 
7.0 
6.6 
6.3 

11.1 

10.1 
9.8 
8.6 

ao 

7.0 
6.6 
6.2 
6.9 

10.1 
9.3 
9.6 
6.0 
7.4 

6.2 
6.9 
6.6 

0 

1 
3 
3 
4 
5 
6 
7 
8 
9 

11 
12 
18 
14 

10.1 
9.8 
8.6 
7.9 

9.3 
8.6 
7.9 

7.4 

8.6 
7.0 
7.4 
6.9 

8.0 
7.4 
6.9 
6.5 

7.4 
7.0 
6.6 
6.2 

7.4 
7.0 
6.6 
6.2 

5.8 

fl.6 
6.2 
6.8 

6.5 

6.2 
6.9 
6.6 
6.8 

6.9 
6.6 
6.3 

5.0 

6.6 
6.3 
6.0 
4.8 

6.3 
6.0 

4.8 
4.6 

6.1 
4.8 
4.6 
4.4 

10 
11 
12 
13 
4 

16 
17 
16 

le 

«.8 
6.4 
6.0 
6.7 

6.S 
6.1 
6.7 
6.4 

6.1 
6.8 
6.6 
6.2 

6.8 
6.6 
6.2 
4.9 

5.5 
6.2 
6.0 
4.7 

6.2 
6.0 
4.8 
4.6 

5.0 
4.8 
4.6 
4.4 

4.8 
4.6 
4.4 
4.2 

4.6 
4.4 

-   4.3 

4.0 

4.4 

4.2 
4.1 
8.9 

4.2 
4.1 
8.9 
3.8 

4.1 
3.9 
3.6 
3.6 

■    6 
6 
17 

18 
19 

21 
22 
23 
24 

6.1 

4.9 
4.6 
4.4 

4.9 
4.7 
4.4 
4.2 

4.7 
4.5 
4.3 
4.1 

4.6 
4.3 
4.1 
3.9 

4.8 
4.1 
4.0 
8.8 

4.2 
4.0 
3.8 
3.7 

4.0 

3.9 
8.7 
8.6 

8.9 
3.7 
8.6 
3.6 

3.4 
8.7 
8.6 

a.6 

3.4 

8.6 
3.6 
3.5 
3.4 
8.8 

3.6 
8.4 
3.3 
3.2 

8.6 
3.4 

3.8 

a2 

3.1 

21 
28 
23 
24 

26 
27 
28 

20 

4.0 
3.8 
8.7 
8.6 

4.1 

8.9 
8.7 
8.6 
8.4 

8.8 
3.6 
3.6 
3.3 

8.6 
8.6 
8.4 
8.2 

a6 

8.4 

8.3 
8.1 

8.4 

8.3 
3.2 
8.1 

8.3 
3.2 
8.1 
8.0 

3.3 
3.1 
8.0 
2  9 

8.1 
8.0 
2.9 
2.8 

3.0 
2.9 
2.8 
2.8 

3.0 
2.9 
2.8 
2.7 

8.9 
2.8 
8.7 
3.6 

46 
26 
27 
28 
29 

31 
S2 
33 
34 

8.3 
8.2 
3.0 
2.9 

8.2 
3.1 
2.9 
2.6 

3.1 
3.0 
2.9 
2.8 

3.0 
2.9 
3.8 
27 

2.9 
2.8 
2.7 
2.6 

2.9 
2.8 
2.7 
2.6 

2)8 
2.7 
2.6 
2.6 

2.7 
2  6 
2.6 
2.6 

2.6 
2.6 
2.6 
2.4 

2.6 
2.S 
2.4 
2.4 

S.4 
26 
2.6 
2.4 
2.3 

2!  6 
3.4 
2.3 
2.3 

30 
31 
32 
83 
34 

38 
37 
38 
39 

2.7 
2.6 
2.5 
24 

2.6 
2.5 
2.5 
2.4 

2.6 
2.5 
2.4 
2.3 

2.5 
2.4 
2.( 
2.3 

2.5 
2.4 
2.8 
2  2 

2.4 
2.8 
3.3 
2.2 

3.4 
3.3 
3.2 
2.1 

2.3 
2.2 
2.3 

rr 

3.3 
2.2 
2.1 
2.1 

2.0 

2.3 
2.1 
2.1 
2.0 

3.1 
2.1 
2.0 
2.0 

36 
87 
39 
89 

41 
"42 
43 
44 

2.3 
2.2 
3.1 
3.0 

2.2 
2.1 
3:1 
3.0 

2.2 
2.1 
3.0 
3.0 

2.1 
2.1 
2.0 
1.9 

2.1 
2.0 
2.0 
1.9 

ii 

2.0 
1.9 
1.9 

3.0 
3.0 
1.9 
1.8 

3.0 
1.9 
1.9 
1.8 

1.9 
1.9 

1.8 
1.9 

2.0 
1.9 
1.9 
1.8 
1.7 

1.0 
1.9 
1.8 
1.8 
1.7 

1.8 
1.7 
1.7 

41 
42 
43 
44 

4fi 

46 
47 
48 
49 

1.9 
1.8 
1.8 
1.7 

1.9 
1.8 
1.7 
1.7 

1.8 
1.8 
1.7 

1.7 

1.8 
L7 
1.7 
1.6 

1.8 

i.r 

1.7 
1.6 

L7 
1.7 
1.6 
1.6 

1.7 

1.7 
1.6 
1.6 

1.7 

1.6 
1.6 
1.6 

1.7 
1.6 

1.6 
1.6 

1.6 

1.6 
1.6 
1.5 

1.6 
1.6 
1.6 
1.5 

1.6 
1.5 
1.6 

46 

4T 
48 
49 

61 

52 
63 
54 

1.6 
1.5 
1.5 
1.4 

1.6 
1.6 
1.5 
1.4 

1.6 
1.6 
1.5 
1.4 
1.4 

L5 
1.6 
1.4 
1.4 

1.6 

1.6 
1.4 
1.4 

1.6 
1.4 
1.4 
1.3 

1.5 
1.6 
1.4 
1.4 
1.8 

1.6 
1.4 
1.4 

1.8 

1.6 
L4 
1.4 

1.3 
1.3 

1.4 
1.4 
1.3 
1.3 

1.4 
1.4 
1.4 
1.3 
1.3 

1.4 
1.3 
1.8 
1.8 

61 

i 

164 

66 
57 
58 
59 
60 

1.4 
1.3 
1.3 
1.2 
1.2 
1.1 

1.4 
1.3 
1.3 
1.2 
1.2 
1.1 

1.3 
1.3 
1.2 
1.2 
1.1 

1.3 
1.2 
1.2 
1.2 
1.1 

1.3 
1.2 
1.2 
1.1 
1.1 

1.8 
1.2 
1.2 
1.1 
1,1 

1.3 
1.2 
1.2 
1.2 
1.1 
1.1 

1.2 
1.2 
1.1 
1.1 
1.1 

l!2 

1.2 
1.1 
1.1 
1.0 

1.2 
1.1 
1.1 
1  0 

1.2 
1.1 
1.1 
1.1 
I.O 

1.2 
1.1 
I.l 
1.1 
LO 

66 
67 
58 
69  ■ 
60 

•• 

1. 

f 

•" 

4» 

IP 

•■ 

1* 

9" 

tp 

10° 
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Variation  of  AlUtDde  in  one  mlnnto  from  meridiupMBBge.                                    | 

^i 

SwllnMkn  «l  •  «U(mrt  tutu  Bkd  (ha  IMlna*-;  aww  (luwlt;  radDBtl^ 

If 

It" 

14' 

I»" 

IV 

m 

19" 

If" 

If" 

«" 

M- 

••" 

M" 

9.2 
8.6 
7.9 
7.4 
7.0 

R6 
7.9 
7.4 
6.9 
6.6 

7.9 
7.4 
6.9 
6.5 
6.2 

7.8 
6.0 
6.S 

6.1 
6.8 

6.8 
6.0 
6.1 
6.8 
6.5 

6.4 
6.1 
6.8 
6.5 
6.2 

6.0 
6.7 
6.6 
6.2 
6.0 

^7 
6.4 
6.2 
4.9 

4.7 

6!4 

6.1 
4.9 

4.7 
4.6 

6.1 
4.9 
4.7 
4.6 
4.3 

4.9 

4.7 
4.6 
4.8 
4.1 

4.6 

4.4 
4.3 
4.1 
4.0 

4.4 

4.2 
4.1 
8.9 
3.8 

0 

1 

2 

s 

4 

5 

6.2 
6.9 
6.6 
6.3 

6.2 
S.8 
6.6 
6.3 
6.0 

6.8 
6.6 
6.8 
5.0 
4.8 

6.6 
6.3 
6.0 
4.8 
4.6 

6.2 
6.0 
4.8 
4.6 
4.4 

6.0 
4.8 
4.6 
4.4 
4.2 

4.8 
4.6 
4.4 
4.2 

4.1 

4.S 
4.4 

4.8 

4.0 
3.9 

4.3 
4.2 

4.0 
8.9 
3.8 

4.2 
4.0 
3.9 
8.7 
8.6 

4.6 

S.9 
8.7 
3.6 
3.6 

8.7 
3.6 
8.6 
3.4 

4.7 
8.6 
3.6 
3.4 
8.3 

6 
6 

7 
8 
9 

4.8 
4.6 
4.4 
4.2 

4.6 
4.4 

4.3 
4.1 

4.4 
4.3 
4.1 
3.9 

4.2 
4.1 
3.9 
3.8 

4.1 
8.0 
3.8 
8.7 

3.8 
8.7 
3.6 

8.8 
8.7 
3.5 
8.4 

8.6 
8.6 
3.4 
8.3 

8.6 
3.4 

3.3 
8.2 

S.4 
8.3 
3.2 
3.1 

8.8 
8.2 
3.1 
3.0 

8.2 
3.1 
3.0 
2.9 

8.1 
8.0 
2.9 
2.8 

11 
IS 
13 
14 

3.9 
3.8 
3.7 
3.6 

3.8 
3.7 
3.S 
3.4 

3.7 
3.6 
S.4 
3.3 

3.6 
3.4 
3.3 
3.2 

3.6 
3.4 
8.3 
^.2 
3.1 

S.4 
3.8 
3.2 
3.1 
3.0 

8.2 
8.1 
8.0 
2.9 

3.1 
8.0 
2.9 
2.9 

i.1 
3.0 
2.9 
2.9 
2.8 

2.9 
2.8 
2.8 
8.7 

±9 
2.8 
2.8 
2.7 
2.6 

2.8 
2.8 
2.7 
2.6 
2.6 

8.8 
8.7 
2.6 
8.6 
2.6 

l6 
16 
17 

18 
19 

21 
22 
23 
24 
26 
26 
27 
28 
29 

81 
82 
33 
34 

3.4 

1:1 

3.1 
8.0 
2.9 
2.8 
2.7 
2.6 
2.6 
2.6 
2.4 
2.8 
2.3 
2.2 

3.8 
8.2 
S.1 
8.0 
2.9 

2;f 

2.7 
2.7 
2.6 
2.6 
2.4 
2.4 
2.3 
2.2 
2.2 

3.2 
8.1 
8.0 
2.9 

2.8 

i.i 

2.7 
2.6 
2.6 
2.4 
2.4 
2.3 
2.2 
2.2 
8.1 

3.1 
8.0 
2.S 
2.8 
2.8 

~zr 

2.6 
2.6 
2.6 
2.4 

2.d 

2.8 
2.2 
2.1 
2.1 

tit 

2.9 
2.8 
2.8 
2.7 

i.6 

8.6 
2.6 
8.4 
3.3 
2.3 
2.8 
2.8 
2.1 
2.0 

8.8 
8.8 
2.7 
8.8 
8.5 
2.6 
2.4 
2.3 
2.3 
2.2 
8.3 
8.1 
2.1 
8.0 

t.9 
2.8 
2.7 
2.6 
2.6 
^16- 
2.4 
2.4 
2.3 
2.2 
12 
2.1 
2.1 
2.0 
2.0 

2.8 
2.7 
2.6 
2.6 
2.6 
2.4 
2.4 
2.3 
2.2 
2.2 
2.1 
2.1 
2.0 
2.0 
1.9 

8.6 
2.6 
2.6 
2.4 
■2.4 
2.8 
2.2 
2.2 
2.1 
2.1 
8.0 
2.0 
1.9 
1.9 

2.6 
2.6 
2.6 
2.4 
2.4 
2.8 
3.3 
2.8 
2.1 
2.1 
2.0 
8.0 
1.9 
1.9 
1.9 

2.6 
8.6 
2.4 
2.4 
2.8 

2.2 
2.1 
2.1 
2.0 
•2.0 
2.0 
1.9 
1.9 
1.8 

2.4 
2.4 
2.8 
2.3 
2.2 
2.1 
2.1 
2.1 
2.0 
2.0 
1.9 
1.9 
1.8 
1.8 

2.4 
8.4 
8.S 
2.8 
8.2 
2.2 
2.1 
2.1 
8.0 
2.0 
1.9 
1.9 
1.8 
■1.8 
1.8 

ao 

21 
22 
23 
24 

as 

27 
28 

31 
32 
SS 
34 

86 
86 
137 
36 
39 

— sj- 

41 
42 
43 
44 
40 
46 
47 
48 
49 

2.1 
2.0 
2.0 
1.9 
1.9 
1.8 
1.8 
1.7 
1.7 
-l.Tf 
1.6 
1.6 
1.6 
1.4 

2.1 
2.0 
1.9 
.9 
.8 
.8 
.7 
1.7 
1.6 
1.6 
1.6 
1.6 
1.6 
1.4 

2.0 
2.0 
1.9 
1.9 
1.6 
1.8 
1.7 
1.7 
1.6 
I.*- 
1.6 
1.6 
1.4 
1.4 

2.0- 
1.9 
1.9 
1.8 

-i:8 

1.7 
1.7 

1.6 
1.6 
1.6 
1.6 
1.6 
1.4 
1.4 

2.0 
1.9 
1.9 
1.8 
1.8 
TT 
1.7 
1.7 
1.6 
1.6 
1.6 
1.6 
L4 
1.4 
1.4 

S.0 
1.9 
1.9 
1.8 
1.8 
"1.7 
1.7 

r6 

1.6 
1.6 
l.S 
1.4 
1.4 
1.3 

1 

1 
] 

ft 

T 
T 

1.8 
1.8 
1.8 
1.7 
1.? 
1.6 
1.6 
1.6 
1.5 
1.6 
1.4 
1.4 
1.4 
1.3 

1.8 
1.8 
1.7 
.7 
.6 
.6 
1.6 
.6 
.6 

rr 

1.4 
1.4 
1.3 
1.3 

1.8 
1.7 
1.7 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.4 
1.4 
1.8 
1.3 
1.8 

1.7 
1.7 
1.7 
1.6 
■1.6- 
1.6 
1.6 
1.6 
1.4 
1.4 
1.4 
1.8 
1.3 
1.3 

1.7 
1.7 

:6 

.6 
1.6 
L4 
.4 
.4 
1.8 
1.8 
1.8 
1.2 

1.7 
1.8 
1.6 
1.6 

1.6 
1.6 
1.4 
1.4 
L4 
1.8 
1.3 
1.8 
1.2 

86 
37 
38 

3» 
40 

41 

43 
44 

46 

47 
48 
4» 

61 
62 
63 
64 

1.4 
1.8 
1.3 
1.2 

1.4 
1.8 
1.8 
1.S 
.2 

1.8 
1.8 
1.8 
1.2 

1.8 
1.8 
1.2 
1.2 

1.4 
1.8 
1.8 
1.8 
1.2 

1.3 
1.8 
1.3 
1.2 

1.2 
1.2 
1.2 
1.1 

i.a 

1.2 
1.2 
1.1 

1.8 
1.2 
1.2 
1.1 

1.2 
1.3 
1.1 
1.1 

1.2 
1.1 
1.1 
1.1 

1.2 
1.1 
1.1 
.1 

fiO 
61 
52 
SS 
54 

66 
67 
68 
69 
60 

1.2 
1.1 
1.1 
1.1 

1.0 

.1 
.1 

1.1 
1.0 
1.0 

1.1 

1.1 
1.1 
1.0 
1.0 

l.I 
1.1 
1.1 
1.0 
1.0 

1.1 
1. 1 
1.1 
1.0 
1.0 
1.0 

1.1 
1.1 
1.0 
1.0 
1.0 

0 

1.1 
1.0 
1.0 
1.0 
0.9 

1.1 
1.0 
1.0 
1.0 
0.9 

1.1 
1.1 
1.0 
1.0 
1.0 
0.9 

1.0 

1.0 
1.0 
1.0 
0.9 

1.0 
1.0 
I.O 
0.9 

a9 

.0 
.0 

1.0 

a9 

0.9 

66 
67 
SS 
0» 
«0 

M» 

It* 

1*» 

IF 

ir> 

IT" 

18» 

If" 

w° 

tv 

H" 

**" 
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Variaticm  of  AKUade  In  one  minnte  from  meridian  pMM^e. 
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3  01 
2  34 
2  13 
167 
146 

i2A 

2  60 
2  27 
2  10 
1  66 

306 
2  41 
222 
207 

700 

800 

900 

1,000 

1,100 
l,i»0O 

1,300 
1400 
1,600 

16 
16 
13 
12 
11 

26 
23 
21 
19 
18 

36 
32 
20 
27 
24 

46 
41 
37 
34 
31 

66 

60 
46 

41 
38 

106 
69 
63 
49 
46 

1  16 

108 

102 

67 

62 

24 

17 

1  10 

1  01 

60 

134 
1  26 
118 
1  12 
1  07 

144 
1  36 
1  27 
1  20 
1  14 

164 
1  44 

1  35 
1  27 
1  21 

1,100 
1,200 
1,300 
1400 
1,500 

ileoo 

1,700 
1^800 

i,m 

2,000 

10 

16 
16 
14 
13 
12 

22 
21 
19 
18 
17 

ia 
27 

26 
23 
22 

33 
31 
29 
27 

42 
80 
36 
34 
32 

48 
46 

42 
39 
37 

66 
61 
48 
46 
42 

102 
68 

64 
60 
17 

106 

101 

1  00 

66 

53 

116 
1  10 
1  06 
1  02 
56 

1,600 
1,700 
1,800 
1,900 
2,000 

2,200 

^400 
^600 

U 
10 

16 
14 
13 
12 

19 
18 
17 
16 

24 
22 
21 
20 

28 
27 
26 
24 

33 
31 
29 
28 

38 
36 
34 
32 

42 
40 
38 
36 

47 
45 
42 
40 

62 
49 
47 
44 

2,100 
2,200 
2,300 
2:100 
2,500 

2|70O 
2:900 
2,900 
3,000 

U 
11 
10 

14 
14 
13 
12 

18 
17 
16 
15 

22 
20 
IS 
19 

24 
26 
24 
23 
22 

SO 
28 
26 
26 

33 
31 
30 
28 

36 
36 
33 
32 

40 
38 

37 
35 

2,700 
2  800 
2  900 
3,000 

8,100 
3^200 
?800 
8^400 
8,600 

li 

11 
10 

16 
14 
13 
13 
12 

18 
17 
16 
15 
16 

21 
20 
19 

11 

21 
23 
22 
21 
20 

27 
26 
26 
24 
23 

30 
29 
28 
27 
26 

34 
32 
31 
30 
29 

3,100 
3,200 
3,300 
3,400 
3,600 

8,600 
8,700 
3,800 
3^900 
4.000 

IS 
11 
11 
10 

14 
13 
13 
12 

12 

16 
16 
16 
14 

16 
10 

22 
21 
20 
20 
19 

to 
21 
23 
22 
21 

27 
2« 
26 

IS 

3,000 
3,700 
3,800 
3,900 
4,000 

4,200 

^400 
4,600 

11 
10 

13 
13 
12 
12 

17 
17 
16 
16 

20 
19 
18 
IS 

22 
21 
21 
20 

4,200 
4,300 
4,400 
4,500 

4,000 
4,700 
41800 
4,960 
6,000 

11 
10 

12 

11 

16 
14 
14 
13 

17 
16 
16 
15 

10 
18 
17 
17 

4,600 
4,700 
4,800 
4  000 
5,000 

ijGoogle 


P»ge  782]                                       TABLE  35. 

nomber  of  minntea  and  seconds. 

Bm. 

MomberotmlnuUi. 

1 

s 

s 

* 

B 

• 

I 

8 

■ 

la 

11 

13 

0 
1 
2 
3 

4 

T 
e 

7 
6 
9 

60.000 
69. 016 
68.066 
67.143 
66.260 

Xnef. 
30.000 
29.752 
29.608 
29.268 
29.082 
^:860 
28.671 
28.346 
28.125 
27.907 

JTMtt. 

20.000 
19.890 
19.780 

1ft  672 
19.566 

16.000 
14.938 
14. 876 
14  815 
14.764 
14.694 
14.634 
14. 576 
14. 516 
14.468 

12.0013 
11.960 
11.920 
11.880 
11.841 

10.000 
9.972 
9.944 
B.917 
fit  800 

Knott. 
8.671 
8.551 
a&30 
8,610 
&490 

7.600 
7.484 
7.468 
7.453 
7.438 

6.666 
6.664 
6.642 

61629 
1617 

6.000 
5.990 
5.980 

6.970 
5.960 

5.456 
5.448 
5.438 
5.429 

6.421 

5.000 
4.993 
4.986 
4.979 
4.973 

0 

1 
2 
3 

4 

65.385 
64.646 
63.731 
52.941 
52. 174 

19.460 
19.355 
19.251 
19. 149 
19.048 

11.803 
11.764 
11.726 
11.688 

U.660 

9.863 
a836 
9;  809 
9.783 
9.766 

ai7d 

8.460 
8.430 
8.411 
8.392 

7.422 
7.407 
7.392 
7.377 
7.362 

6.606 
6.693 
6.581 
6.669 

6.557 

6.950 
5.9*0 
5.930 
6.921 
5.911 

5.413 
5.406 
5.397 
6.389 
6.381 

4.96S 
4.968 
4.951 
4.945 
4.938 

6 
6 
7 
8 
9 

10 
11 
12 
IS 

14 

51.429 
50.704 
60.000 
49.315 
48.649 

27.682 
27.481 
27.273 
27.068 
26.866 

18.947 
18.848 
18.760 
18.662 
18.666 

14.400 
14.342 

14.286 
14.229 

14.173 

11.613 
11.575 
11.538 
11.501 
11.465 

9.729 
9.703 
9.677 
9.651 
9.625 

8.372 
8.363 
8.334 
8.815 
8.295 

7.346 
7.331 

7.317 
7,302 
7,287 

6.545 
6.633 

6!509 
6.498 

5.902 

6.892 
5.882 
5.872 
5.863 

5. 373 
5.366 
5.357 
5.349 
5.341 

4.83S 
4.924 
4. 918 
4.911 
4.90* 

10 
11 
12 
13 
14 

lb 
16 
17 
18 

19 

48.000 
47.368 
48.763 
46.154 
46.670 

26.471 
26.277 
26.087 

26.899 

18.461 
18.367 
18.274 
18. 182 
18.090 

14.118 
14.063 
14.008 
13.953 

13.900 

11.428 

li:356 
11.321 

11.286 

9.600 
9.674 
9.649 
9.624 
9.499 

8,276 
8.267 
8,238 
8,219 
6,200 

7.258 
7.243 
7.229 

7.214 

6.474 
6.463 

6.451 
6.440 

6.863 
6.844 
5.834 
6.825 
5.816 

6.325 
5.317 
5.309 
6.301 

4.881 
4.884 
4.878 
4.871 

16 
16 
17 
18 
19 

21 
22 
23 
24 

46.000 
44.444 
43.902 
43.373 
42.857 

25.714 
25.532 

25.362 
25.175 
25.000 

18.000 
17.910 

17.822 
17.734 

17.647 

13.793 
13.740 

13.688 
13.636 

11.260 
11.214 
11.180 
11.146 
11.111 

9.473 
9.448 
9.424 

9.399 
9.376 

8.161 
8.163 
8.144 
8.126 
8.108 

7.200 
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7.142 

6.426 
6.417 
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31681 

31702 

31723 

31744 

31766 

81785 

6 

12 

11 

208 

31806 

31827 

3184S 

31860 

31890 

31911 

31931 

31952 

31973 

31904 

6 

14 

13 

209 

32016 

32035 

82066 

82077 

32008 

32118 

32139 

32160 

32181 

32201 

7 
8 

16 

18 

16 
18 

"210 

82222 

82243 

32284 

32306 

32325 

32346 

32366 

32387 

32406 

211 
212 

32428 
32634 

32449 
32654 

32469 
32676 

32400 
82606 

32610 
32715 

32531 
32736 

32552 

32766 

32672 

32777 

32593 

32707 

32813 

32818 

9 

21 

20 

)l 

213 

32838 

32868 

32879 

32800 

32910 

32940 

32960 

32980 

33001 

83021 

T 

T 

~2~' 

2U 

33041 

-  33062 

33082 

33102 

33122 

33143 

33168 

33183 

2 

4 

4 

215 

33244 

33264 

33284 

3330* 

■33325" 

33346 

33365 

33385 

33405 

33425 

3 

6 

6 

216 

S3445 

33466 

33486 

33506 

33526 

33546 

33666 

33686 

33606 

33626 

4 

8 

S 

217 

33646 

33666 

33686 

3S706 

33726 

33746 

33766 

33786 

33806 

33826 

6 

11 

10 

218 

338*6 

33866 

33886 

33006 

33926 

33946 

33966 

33985 

34006 

3*025 

6 

13 

12 

219 

340*4 

3406* 

3408* 

34104 

34124 

34143 

S4163 

34183 

34203 

34223 

7 
8 
0 

IS 
17 
19 

14 

16 
18 

No. 

• 

' 

> 

« 

• 

* 

• 

' 

» 

» 

abvGoogle 


P»ge7M] 

TABLETS. 

hoguUhnm 

[rfNnmbMflL                                                          1 

Lev.  Mm — tax. 

Ho. 

• 

1 

1 

• 

* 

» 

• 

7 

t 

• 

220 

34242 

34262 

34282 

34301 

34S21 

34341 

34361 

34880 

34400 

34420 

m 
m 

34438 
34636 

34469 
34666 

34478 
34674 

34496 
34694 

34618 
34713 

•4537 
34733 

S4657 
34763 

34677 
34772 

34606 
34792 

34616 
34811 

» 

-r 

2 

223 

34830 

34SS0 

34869 

84889 

34908 

34928 

84947 

34967 

34886 

36006 

2 

4 

824 

35026 

36044 

36064 

86083 

36102 

36122 

36141 

36160 

3S160 

36189 

8 

6 

225 

S 

-3^8- 

-xm 

-3^76" 

-3K96- 

36316 

"s^sr 

-3W63- 

-^375- 

-36^ 

4 

8 

226 

35430 

36449 

36468 

36488 

86607 

36526 

35646 

36564 

36683 

6 

10 

227 

36603 

36622 

36641 

36660 

36679 

36698 

36717 

36736 

85756 

36774 

6 

13 

228 

36793 

36813 

36832 

36851 

36670 

36889 

36906 

36027 

36946 

36966 

7 

14 

229 

35984 

36003 

36021 

36040 

36069 

86078 

36087 

36116 

36136 

36164 

8 
_9_ 

16 

18 

230 
231 

36173 

36192 

"■36211" 

A6229 

~362^ 

36267 

36286 

'i^Sak' 

38511 

aeiii 

S636L 

36380 

36399 

36418 

36436 

36466 

36474 

36493 

36630 

u 

232 

36649 

36668 

36686 

36606 

96624 

36842 

36661 

96680 

36696 

38717 

~T 

_J_ 

233 

36736 

367M 

36773 

36791 

36810 

36829 

36647 

86866 

36684 

38906 

i 

234 

38922 

36940 

36969 

36977 

36096 

37014 

37033 

87061 

87070 

370g 

3 

6 

2» 

»lft7 

37126 

"smr 

«ne2 

37181 

-WW 

-3f5i*- 

lefm 

"5^4" 

3727S 

4 

8 

23S 

872M 

87S10 

87828 

87346 

37366 

37383 

87401 

37420 

37438 

37467 

6 

10 

237 

37476 

3749S 

37611 

37630 

37648 

87666 

37686 

87608 

37621 

87630 

6 

11 

23S 

S7668 

37676 

87684 

37712 

37781 

87748 

87767 

37786 

87803 

37822 

7 

IS 

23» 

37B40 

378S8 

37884 

37912 

37S81 

37949 

87867 

87986 

88003 

8 

15 

"255" 
241 

38202 

88220 

38238 

38076 
88266 

381)03 

38274 

88112 
88282 

36130 
88310 

3832S 

38346 

-^84 
38364 

_9 

17 

242 

38882 

38390 

S8417 

88436 

38463 

38471 

88488 

88607 

88626 

38643 

3 
4 
5 
7 
» 
11 
U 
14 
16 

243 

38661 

38678 

38696 

88614 

38S32 

38650 

38668 

38886 

38703 

38721 

244 

38739 

88767 

38810 

3SB2S 

38846 

38863 

38881 

38899 

8 

246 

88917 

MA4 

asui 

38970 

S89et 

-^006" 

39023 

88041' 

39068 

■^otS" 

S4e 

S90»4 

39111 

39129 

89146 

89164 

39182 

39199 

88217 

39236 

89SSS 

247 

39270 

88287 

88306 

39322 

88340 

39368 

38376 

89893 

S9410 

39428 

s 

248 

3S445 

88463 

38480 

38488 

89516 

39633 

89660 

89568 

39686 

8960X 

24» 

89S20 

39637 

39666 

M672 

39690 

89707 

89724 

80742 

89769 

88777 

251 

S8794 
39067 

-3mr 

89986 

39829 
40002 

40019 

40037 

-smr 

40064 

40071 

sms- 

40088 

40106 

^5585" 
40133 

JL 

262 

40140 

40167 

40175 

40182 

40209 

40226 

40243 

40261 

40278 

4029S 

i> 

263 

4(B12 

40329 

40346 

4036* 

40381 

40398 

40416 

40132 

40449 

40466 

3 

264 

40483 

40600 

40616 

40636 

40662 

40569 

40586 

40603 

40620 

40637 

2 

S 

266 

406S4 

-4667r 

40686 

40706 

-«m 

-40^ 

407fi6 

40773 

40790 

imr 

S 

6 

296 

40824 

40641 

40658 

40876 

40S92 

40009 

40026 

40943 

40980 

40976 

4 

I 
• 

267 

40993 

41010 

41027 

41044 

41061 

41078 

41095 

41111 

41128 

41145 

6 

258 

41162 

41179 

41196 

41212 

41229 

41246 

41263 

41280 

41296 

41813 

6 

10 

259 

41330 

41347 

41303 

41380 

41397 

41414 

41430 

41447 

41464 

41481 

7 
8 

IS 
14 
16 

280 

41497 

41614 

41631 

41647 

41664' 

41581 

41597 

4l6l4 

41631 

"SSif 

261 
262 
283 

41664 
41830 
41996 

41681 
41847 
42012 

41697 
41863 
42029 

41714 
41880 
42045 

41731 
41806 
42062 

41747 
41913 
42078 

41764 
4I8S9 
42095 

41780 
41946 
42111 

41787 
41963 
42127 

41814 
41979 
^44 

M 

-f- 

264 

42160 

42177 

42193 

42210 

42226 

42243 

42a» 

42276 

42292 

42308 

8 

3 

S 
6 

265 

42826 

42341 

42367 

42374 

42390 

42406 

42423 

"42438" 

424t« 

4MM 

266 

42488 

42504 

42521 

42537 

42663 

42570 

42686 

42602 

42618 

43636 

4 

S 

267 

42661 

42667 

42884 

42700 

42716 

42732 

42749 

42765 

42781 

42787 

6 

8 

268 

42813 

42830 

42846 

42862 

42878 

42894 

42911 

42927 

4284S 

^069 

6 

10 

289 
-270 

42976 
43136 

42991 
43152 

43006 
43189 

43024 
"43186 

43040 
43201 

43066 
43217 

43072 

43088 

43104 

43120 

7 
8 

11 
18 

43233 

~4^^ 

-^ST 

i^r 

271 

43297 

43313 

43329 

43346 

43361 

43377 

43393 

43408 

43426 

43441 

9 

14 

272 

43467 

43473 

43489 

43606 

43621 

43637 

43563 

43668 

43684 

43000 

•Tl 

273 

43616 

43632 

43648 

43664 

43680 

43696 

43712 

43727 

43743 

43769 

— 

i 

274 

4377B 

43791 

43807 

43823 

43838 

43864 

43870 

43886 

43808 

43917 

3 

3 

3 
6 

iJ6 

43933 

~4aM9" 

43906 

43981 

43906 

44012" 

44028 

44044 

44068 

44076 

276 

44001 

44107 

44122 

44138 

44154 

44170 

44185 

44201 

44217 

44232 

4 

« 

277 

44248 

44264 

44279 

44296 

44311 

44326 

UMS 

44368 

44373 

44389 

6 

8 

276 

44404 

44420 

44436 

44461 

44467 

44483 

44498 

44614 

44628 

44646 

< 

• 

27» 

44680 

44678 

44692 

44807 

44623 

44638 

44654 

44669 

44686 

44700 

7 
6 
9 

11 
13 
14 

Xo. 

• 

1 

1 

■ 

* 

• 

1 

1 

8 

• 

ijGoogle 


TABLE  42.                                          [P»g»  759 

No.  MOO— S4D0.                                                                                                                                            hog.  une HUB. 

Mo. 

• 

I 

i. 

■ 

• 

« 

» 

8 

• 

1 

2S0 

44716 

44871 
45025 
4SI79 
45332 

44731 
44686 
45040 
45194 
45347 

44747 
44902 
46066 
45209 
45362 

44762 
44917 
46071 
45225 
45378 

44778 
44932 
46086 
46240 
46393 

44793 
44948 
46102 
45255 
45408 

44809 
44963 

46117 
45271 
46423 

44824 

44979 
45133 
46286 
45439 

44840 
44994 

45148 
46301 
46454 

-46606" 
45758 
46909 
46060 
46210 

44866 
46010 
46163 
45317 
45469 

IS 

281 
282 
283 
284 

2 
3 
6 
6 
8 
10 
11 
13 
14 

286 
286 
287 
288 
288 

45484 
45637 
46788 
45939 
46090 

45500 
45652 
45803 
46954 
48106 

46516 
45667 
46818 
45969 
46120 

45682 
45834 
46984 
46135 

46097 
46849 
46000 
46150 

46661 
45712 
46864 
46016 
46165 

45728 
46879 
46030 
46180 

45743 
46894 
46045 
46195 

45773 
45924 
46075 
46225 

290 

46240 
46389 
46638 
46687 
46836 
'4i)982- 
47129 
47276 
474Z2 
47667 

46404 
46663 
46702 
46860 
46907 
47144 
47290 
47436 
47682 

48270 
46419 
46668 
46716 
46864 
■47012 
47169 
47306 
47461 
47606 

46285 
46434 
46583 

46731 
46S79 
-47026" 
47173 
47319 
47465 
47611 

46300 
46449 
46598 

46746 
46894 
47041 

47188 
47334 
47480 
47625 

46315 
46464 
46613 
46761 
46909 
47066 
47202 
47348 
4749* 
47040 

46479 
46627 
46776 
46923 
47070 
47217 
47363 
47609 
47664 

46494 
46642 
46790 
46938 
■4?W6" 
47232 
47378 
47684 
47660 

46509 
46657 
46806 
48963 
■47100' 
47246 
47308 
47638 
47683 

46672 
46820 
46967 
47114 
47261 
47407 
4766S 
47608 

293 
294 
2W 
296 
297 
298 
299 

It 

2 

300 
301 
302 
303 
304 

47712 
47857 
48001 
48144 

48287 

47727 
47871 
48016 
48159 
48302 

47741 
47886 
48029 
48173 
48316 

47756 
47000 
48044 
48187 
48330 

47770 
47914 
48068 
48202 
48344 

47784 
47929 
48073 
48216 
48360 

47799 
47943 
48087 
48230 
4S373 

47813 
47968 
48101 
48244 
48387 

47828 
47972 
48116 
48260 
48401 

47to 
47986 
48130 
48273 
48416 

305 
306 
307 
308 
309 

48430 
48672 
48714 
46866 

48996 

48686 
48728 
48669 
49010 

48468 
48601 
48742 
48863 
49024 

48473 
48615 
48766 
48697 
49038 

48487 
48629 
48770 
48911 
49062 

48601 
48643 
48786 
48026 
49066 

48615 
486S7 
48799 
48040 
49080 

48630 
48671 
48813 
46964 
49094 

48644 
48686 
48827 
48966 
49108 

48668 
48700 
4SS41 
48982 
49122 

8 
9 

310 
311 
312 
313 
314 

40136 
«)27e 

«664 
49693 

49290 
49429 
49668 
49707 

49304 
49443 
49682 
49721 

48178 
49318 
49457 
49696 
49734 

49332 
49471 
49610 
48748 

48346 
49486 
49624 
49762 

492SO 
49360 
49499 
49638 
48776 

48874 
40613 
49661 
49790 

49388 
40627 
49666 
49803 

49262 
48402 
49641 
48679 
49817 

316 
316 
317 
318 
319 

49831 
40969 
60106 
50243 
S0379 

49845 
49982 
50120 
60256 
60393 

49869 

50133 
60270 
60406 

49672 
60010 
50147 
50284 
60420 

49886 
60024 
60161 
60297 
50433 

48900 
60037 
60174 
60311 
60447 

49914 
60061 
60188 
60326 
60461 

49927 
60066 
50202 
60338 
G0474 

49941 
60079 
50215 
60362 
60488 

49966 
50092 

60366 
60601 

10 
IS 

320 
321 
322 
323 
324 

G0616 
50651 
50786 
60920 
51056 

60529 
50664 
60799 
60934 
61068 

60642 
60678 
50613 
60947 
51081 

60656 
60691 
60826 
50961 
51095 

60669 
60705 
50840 
60974 
51108 

60683 
50718 
60663 

60987 
51121 

60696 
60782 
60866 

61001 
51136 

60610 
60746 
60880 
61014 
61148 

50623 
50759 
60803 
51028 
61162 

60837 
60772 
60907 
61041 
51176 

325 
326 
327 
328 
329 

61188 
61322 
61466 
61587 
51720 

51202 
51336 
61468 
51001 
61733 

61216 
51348 
61461 
61614 
61746 

51228 
61362 
61495 
51627 
61769 

51242 
61875 
61508 
51640 
61772 

51265 
61388 
61621 
51654 
61786 

51268 
51402 
61834 
51667 
61799 

61416 
61648 
51680 
61812 

61296 
51428 
51661 
61693 
51826 

51308 
51441 
61674 
51706 
51838 

330 
331 
332 
333 
S34 

61861 
61983 
62114 
62244 
62375 

51866 
51996 
52127 
52267- 
62388 

61878 
62009 
52140 
52270 
62401 

61891 
62022 
62163 
62284 
62414 

61904 
62035 
62166 
62297 
62427 

61917 
62048 
62179 
62310 
62440 

61930 
52061 
62192 
62323 
eM63 

61043 
62076 
62206 
62836 
52466 

61967 
62088 
62218 
62349 
62479 

61970 
62101 
62231 
62362 
52492 

11 

10 

11 

S36 

336 
337 
338 
339 

52504 
62634 
62763 
52892 
53020 

62617 
62647 
62776 
52906 
58033 

62530 
62660 
62789 

62B17 
63046 

62643 
52673 
62802 
62930 
63068 

62566 
62666 
62815 
62943 
63071 

62569 
62699 
62827 
52956 
63064 

^2582 
62711 
62840 
62969 
53007 

62^ 
62724 
62863 
52982 
63110 

52to8 
62737 
52866 
52994 
63122 

52621 
52760 
52879 
63007 
63136 

Ho. 

• 

1 

I 

• 

4 

• 

• 

7 

s 

• 

ijGoogle 


Pigereoi                                        TABLE  43. 

Loguithme  o(  Number*. 

Wo. 

• 

1 

1 

■ 

4 

t 

• 

1 

I 

• 

1 

340 
341 
342 
343 
344 

63148 
63276 
53403 
63629 
63666 

63161 
53288 
53415 
63642 
53668 

53173 
53301 
63428 
53556 

53681 

53186 
63314 
53441 

53567 
53604 

63199 
53326 
63463 

53580 
53706 

53212 
63339 

63466 
53593 
53719 

53224 
53352 
68479 
53606 
53732 

63237 
53364 
63491 

53618 
53744 

63260 
53377 
53504 
63631 
68757 

63863 
53390 
53517 
63643 
63709 

54020 
54145 
64270 
51394 

u 

1 

3 

10 
12 

d46 
346 
347 
■Sifi 
349 

58782 
63908 
64033 

-S41fiff 
64283 

53794 
63920 
64046 
64170 
642B6 

53807 
53933 
54068 
64183 
64307 

63820 
53046 
64070 
64196 
54320 

53832 
63968 
54063 
64208 
54332 

63845 
63970 
64096 
64220 
64345 

63867 
63883 
64108 
64233 
54357 

53870 
63805 
54120 
64246 
54370 

63882 
54008 
64133 
64258 
64382 

360 
351 
352 
353 
354 
356 
36« 
367 
358 
369 

64407 
54531 
64664 
54777 
5490O 
56023 
6614fi 
66267 
56388 
56609 

54419 
54543 
64667 
54790 
54913 
66036 
66167 
56279 
56400 
66622 

54432 
64666 

64679 
54802 
64925 

66109 
56291 
66413 
56584 

54444 
64668 
54691 
64814 
54837 
-6S555- 
56182 
66303 
66426 
56546 

54466 
64680 
54704 
64827 
64948 
66072 
66184 
65315 
66437 
66666 

64469 
64693 
64716 
64889 
54962 
66084 
66206 
66328 
65449 
65670 

54481 
64605 
64728 
64861 
64874 
66006 
56218 
56340 
65461 
56532 

54494 
54617 
64741 
54864 
64886 
65108 
66230 
66362 
55473 
66694 

54506 
54630 
64763 
54876 
54998 
,66121 
66242 
65364 
56486 
66606 

54518 
6464S 
64766 
54888 
65011 
"56135" 
56SS6 
65376 
66497 
65618 

It 

1 

2 
3 
4 
6 
6 
7 
S 
8 

10 

u 

360 
361 
362 
363 
364 

66630 
56751 
66671 
66991 
66110 

56642 
56763 
66883 

66003 
56122 

66778 
66886 
66016 
66134 

66787 
66007 
66027 
66146 

65678 
66799 
66919 
66038 

56168 

55691 
56811 
66931 
66060 
56170 

56703 
66823 
66843 
66062 
66182 

56715 
668SS 

65856 
66074 
66194 

66727 
66847 
66967 
66086 
66206 

66739 
65S68 

66979 
66098 
66217 

366 
366 
367 
368 
369 

56229 
66348 
66467 
66586 

66703 

6A341 
60360 
56478 
56697 
66714 

66263 
66372 
56490 
66608 
66726 

66266 

66620 
66738 

66277 
66386 
66514 
66632 
66750 

5628^ 
66407 
66626 
56644 
66761 

66301 
66418 
66538 

66666 
66773 

6631S 
66431 
66648 
66667 
66786 

56324 
66443 
66661 
66679 
66797 

66336 
66456 
56573 
66681 
56806 

870 
371 
372 
373 
374 

66S20 
66037 
67054 
6n71 
67287 

66832 
6eW9 
57066 
67183 
67299 

66644 
56061 
57078 
67194 
67310 

66866 

66972 
67089 
67206 
67322 

66867 
66884 

67101 

67217 
67334 

56878 
66906 
67113 
67229 
67346 

66881 
67006 
57124 
67241 
57357 

56002 
57018 
67136 
67252 

67388 

66914 
67081 
57148 
67261 
67380 

56926 
67043 
67159 
57276 
87382 

11 

10 

875 
376 
377 
378 
379 

67403 
67519 
67634 
67749 
5786* 

67416 
57530 
67646 

67761 
57875 

57426 
57542 
67667 
57772 

57887 

67438 
57563 
67669 
67784 
57896 

67448 
67566 
67680 
67795 
57910 

67461 
67576 
67692 
67807 
67921 

67473 
67688 
67703 
57818 
67938 
-6804r 
68161 
68274 
68388 
68601 

67484 
676O0 
67716 
67830 
67944 
68068 
68172 
5S286 
58399 
58612 

67496 
67611 
57726 
67841 
57866 
68070 
68184 
68297 
5S410 
58624 

67628 
577S 
67862 
67967 
58081 
68186 
68300 
68422 
68636 

3B0 
381 
382 
383 
384 

57978 
68092 
58206 
68320 
68433 

57990 
68104 
58218 
683S1 
68444 

58001 
68116 
58229 
58343 
68466 

68013 
68127 
58240 
68364 
68467 

68024 
68138 
68262 
68365 

58478 

68149 
68263 

68377 
58490 

SBfl 
387 
388 
389 

68669 
68771 
68883 
58995 

68667 
68670 
68782 

68894 
59006 

68681 
68794 

68906 
69017 

58692 
68805 

68917 
59028 

6S704 
58816 

68928 
69040 

58715 

58827 
68939 
69061 

68726 

68838 
68960 
59062 

58737 
68860 
68961 
59073 

58749 
58861 
68873 
58084 

68760 
58872 
68984 
69095 

— 

u 

390 
391 
392 
393 
394 

59106 
69218 
69320 
59439 
69660 

59118 
69229 
69340 
59450 
69661 

59129 
69240 
69361 
69461 
69672 

59140 
59251 
69362 
59472 
59583 

59161 

69262 
69373 
69463 
59694 

69162 
59273 
69384 
69494 
59606 

59173 

69284 
69395 
69506 

69616 

69295 
68406 
59617 
69627 

69306 
59417 
59528 
59638 

69318 
59428 
69639 
59649 

395 
396 
397 
393 
399 

69660 
69770 
69879 

69988 
60097 

69671 
69780 
69690 
59999 
60106 

69682 
69791 
59901 
60010 
60119 

69693 
69802 
69912 
60021 
60130 

69704 
59813 
59923 
60032 
60141 

59716 
59824 
69934 
60043 
60152 

69726 
69835 
69945 
60054 
60163 

69737 
69846 
59966 
60066 

60173 

59748 
59867 
69966 
60076 
60184 

69868 
69977 
60086 
60196 

No. 

• 

1 

■ 

■ 

4 

t 

• 

' 

« 

* 

1 

ijGoogle 


TABLE  43. 

[Page  781   | 

So.  ma — ma. 

Loc.(iani — aBi76.     | 

No. 

• 

I 

1 

1 

« 

» 

• 

I 

B 

• 

J 

400 

60206 

60217 

60228 

60239 

60249 

60260 

60271 

60282 

60293 

60304 

11 

401 

60314 

603K 

60336 

60347 

60S68 

60369 

80370 

60390 

60401 

60412 

402 

00123 

60433 

60444 

60466 

60466 

60477 

60487 

60498 

60609 

60520 

403 

60531 

60541 

60562 

60663 

60574 

60684 

60696 

60606 

60617 

60627 

404 
406 

60638 
^60746" 

60649 

60660 

60670 

60681 

60692 

60703 

60713 

60724 

60736 

10 

80766 

60767 

60778 

60TB8 

^60799" 

608101 

60821 

60831 

60842 

4oa 

60853 

60863 

60874 

60SS5 

60895 

eotno 

60917 

60927 

60938 

60949 

407 

60969 

60970 

60981 

60991 

61002 

61013 

61023 

61034 

61046 

61066 

40S 

61066 

61172 

61077 

61087 

61098 

61109 

61119 

61130 

61140 

61151 

61162 

409 

611S3 

61194 

61204 

61215 

61226 

61236 

61247 

61267 

61268 

-410" 

61378 

61289 

61300 

61310 

61321 

61331 

61342 

61362 

"6T3M 

61374 

411 

61384 

61396 

61406 

61416 

61428 

61437 

61448 

61468 

61469 

61479 

413 

61490 

81500 

61611 

61621 

61532 

61642 

61553 

61663 

61674 

61684 

413 

61695 

61606 

61616 

61627 

61637 

61648 

61668 

61660 

61679 

61690 

414 

61700 

61711 

61721 

61731 

61742 

61762 

61763 

61773 

61784 

61794 

416 

61806 

61816 

61826 

61836 

61847 

61867 

61868 

61878 

61^ 

61809 

416 

61900 

61920 

61030 

61941 

61961 

61962 

61972 

«I988 

61098 

61003 

417 

62014 

62024 

62034 

62046 

62056 

62066 

62076 

62086 

62097 

62107 

418 

62118 

62128 

62138 

62149 

62159 

62170 

62180 

62190 

62201 

62211 

419 

62221 

62232 

62242 

62262 

62263 

62273 

62284 

62294 

62304 

62316 

42ir 

6233B 

62336 

62346 

62366 

62366 

62377 

62387 

62397 

62408 

62418 

421 

6242S 

62439 

62449 

6S469 

62469 

62460 

62490 

62600 

62811 

62521 

422 

62531 

62542 

62652 

62562 

62672 

62683 

62693 

62603 

62618 

62621 

423 
424 

6^ 
-  62737 

62644 
62747 

62665 

62666 

62767 

62676 
62778 

62686 
62788 

62686 
627(8 

62706 
62806 

62716 
ffi818 

62726 
62829 

u 

425 

-^sr 

^849 

62870 

62S80 

62890 

-^00" 

62010 

-^ST 

-ffiwr 



426 

62941 

62961 

62961 

62972 

62982 

62992 

63002 

63012 

63022 

63033 

427 

63043 

63063 

63063 

63073 

63083 

63094 

63104 

63114 

83124 

63134 

428 

63144 

63166 

63166 

63176 

63186 

63196 

63206 

63215 

63226 

63236 

420 

63246 

63266 

63266 

63276 

63286 

63296 

63306 

63317 

83327 

63337 

430 

63347 

63367 

-6336r 

63377 

63387 

63397 

63407 

63417 

63428 

-m^ 

431 

63448 

63468 

63468 

63478 

63488 

63408 

63506 

63618 

63528 

63588 

432 

63548 

68568 

63668 

63679 

63689 

63599 

63600 

63619 

63629 

63639 

433 

63649 

63669 

63669 

63679 

63689 

63699 

63709 

63719 

63729 

63739 

8 

434 

63749 

63769 

63760 

63779 

63780 

63799 

63809 

63619 

63829 

63839 

9 

436 

63849 

63869 

63869 

63879 

63889 

63899 

63909 

63919 

"^29" 

63039 

436 

63949 

63969 

63969 

63979 

63988 

63998 

64008 

64018 

64028 

64038 

437 

64048 

64058 

64068 

64078 

64088 

64098 

64108 

64118 

64128 

64137 

438 

64147 

64157 

64167 

64177 

64187 

64197 

64207 

64217 

64227 

64287 

439 

64246 

64256 

64266 

64276 

64286 

64296 

64306 

64316 

64326 

64336 

440 

61346 

61365 

-64366" 

64375 

"64386" 

"MWT 

64404' 

64114 

-64424- 

61434 

441 

64464 

64464 

64473 

64483 

64493 

64603 

64513 

64623 

64632 

442 

64642 

64552 

64662 

64672 

64582 

64691 

64601 

64611 

64«1 

64631 

443 

64640 

64650 

64660 

64670 

64680 

64689 

64699 

64709 

64719 

61729 

444 

""445" 

64738 

-6«3r 

64748 
64846 

64758 
64866 

64768 

64777 

64787 

64797 

64807 

6181S 

64826 

"64865" 

64876 

64685 

~5S95" 

6*904 

64914 

64924 

446 

6M33 

64943 

64963 

64963 

64972 

64982 

64992 

65002 

65011 

66021 

447 

66031 

66040 

66060 

66060 

66070 

66079 

65089 

66099 

66108 

66U8 

448 

66128 

66137 

66147 

66157 

66167 

66176 

66186 

66196 

65206 

66216 

449 

66226 

66234 

66244 

66264 

66263 

65273 

662S3 

66292 

66302 

65312 

• 

-4BO- 

~?5M"i" 

~ 66331 

66341 

66360 

66360 

-66360" 

"^379" 

66389 

%39S 

~6640r 

461 

66418 

66427 

66437 

66447 

66466 

66466 

66476 

66486 

66196 

66601 

462 

66614 

66623 

66633 

65643 

66562 

66662 

66571 

66681 

66691 

65600 

463 

66610 

66619 

66629 

65639 

66648 

66667 

66677 

66686 

65696 

454 

65706 

66716 

66726 

65734 

66744 

66763 

66763 

65772 

66782 

66792 

- 

^ieS- 

-SSbBT 

66811 

65820 

65830 

"65839 

66849 

-Smm" 

65868 

"BSstT 

"66887" 

45e 

66896 

66906 

65916 

65925 

66936 

66944 

65954 

66063 

66973 

66982 

467 

66992 

66001 

66011 

66020 

66030 

66039 

66049 

66068 

86068' 

66077 

468 

66087 

66096 

66106 

66116 

66124 

66134 

66143 

66153 

66162 

66172 

8 

459 

66181 

66191 

66200 

66210 

66219 

66229 

66238 

66247 

66257 

66266 

9 

Mo. 

• 

» 

• 

( 

* 

» 

• 

» 

' 

t 

.1 

ijGoogle 
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TABLE  43. 

1 

Loguithms 

of  Nnmben.                                                                1 

"no. 

Lot.  mm — ■nan.     \ 

Mo. 

• 

1 

• 

s 

1 

■ 

< 

J 

s 

t 

1 

460 
401 

K 

66285 
66380 

66296 
66389 

66304 
66398 

66314 
66408 

66323 

66417 

66332 

66427 

66342 
66436 

66361 
66446 

66361 
66466 

M 

462 

66474 

66483 

66492 

66602 

66611 

66521 

66630 

66539 

66549 

463 

66558 

66667 

66677 

66686 

66696 

66605 

66614 

66624 

66633 

66642 

464 

66652 

66661 

66671 

66680 

666S9 

66699 

66708 

66717 

66727 

66736 

466 

66746 

66766 

66764 

•  66773 

"6678r 

-66m- 

66801 

66811 

66820 

66829 

466 

66839 

66848 

66867 

66867 

66876 

66885 

66894 

66004 

66913 

66922 

467 

66D32 

66941 

66960 

66960 

66969 

86978 

66987 

66997 

67006 

67015 

468 

67026 

67034 

67043 

67062 

67062 

67071 

67080 

67089 

67009 

67108 

469 

67117 

67127 

67136 

67146 

67154 

67164 

67173 

67182 

67191 

67201 

470 
471 

67210 
67302 

67219 
67311 

67228 
67321 

67237 
67330 

6724T 
67339 

'67256 
67348 

67265 

67367 

6727r 
67367 

67284 
67376 

67293 
67386 

472 

67394 

67403 

67413 

67422 

67431 

67440 

67449 

67469 

67468 

67477 

473 

67486 

67496 

67504 

67614 

67623 

67532 

67541 

67660 

67660 

67569 

•474 

67578 

67587 

67696 

67605 

67614 

67624 

67633 

67642 

67661 
"WW 

67660 

"476" 

67669 

67679 

67688" 

6769r 

67706 

67716' 

67724 

6773S 

'WfW 

476 

67761 

67770 

67779 

67788 

67797 

67806 

67816 

67826 

67834 

67848 

477 

67862 

67861 

67870 

67879 

67888 

67807 

67906 

67916 

67926 

67934 

478 

67943 

67962 

67961 

67970 

67979 

67968 

67097 

86006 

68016 

68024 

479 

68034 

68043 

68062 

^] 

68070 

68079 

68088 

68097 

68106 

68116 

480 

"6812r 

"68lS" 

68142 

68161 

68160 

68169 

68178 

68187 

68196 

68206 

481 

68215 

68224 

68233 

68242 

68^1 

68260 

68269. 

•68278 

88287 

68206 

482 

68305 

68314 

68323 

68332 

6S341 

68360 

68359 

68368 

68377 

68386 

4S3 
484 

68396 
68485 

68404 
68494 

68413 
68502 

68422 
68611 

68431 
68520 

66440 
68529 

68449 
68638 

68458 
68547 

68467 
68656 

68476 
68566 

t 

"486" 

68574 

~686M' 

68592 

68601 

68610 

68619 

68628 

68^7" 

-68646" 

"^655" 

486 

68673 

68681 

68690 

68699 

68706 

68717 

68726 

68736 

68744 

1 

487 

68763 

68762 

68771 

68780 

68789 

68797 

68806 

68816 

68824 

6S833 

2 

488 

68842 

688B1 

68860 

68869 

68878 

68886 

68896 

68904 

689IS 

68922 

3 

489 

68M1 

68940 

66949 

68968 

68966 

68975 

68984 

68993 

69002 

69011 

4 

'490 

690e!O 

-66^ 

"69^ 

68046 

60066 

69664 

69073 

69082 

69090 

09099 

5 

4S1 

69108 

69117 

69126 

69136 

69144 

68152 

68161 

60170 

69179 

69188 

6 

492 

69197 

60206 

69214 

69223 

60232 

69241 

69249 

69288 

69267 

69276 

7 

493 

60286 

69294 

69302 

69311 

69320 

69329 

69338 

69346 

69365 

69364 

8 

494 
496 

60373 
69461 
60648 

69381 

-504W" 

69667 

69390 
69666 

69399 

09408 

69417 

69426 

694S4 

60443 

69452 

9 

-69487- 
69674 

69496 
60683 

-M6W- 
69692 

"6MIT 
69601 

60622 
69609 

69631 
69618 

60627 

497 

69636 

60644 

69663 

60662 

69671 

69679 

69688 

69697 

69705 

60714 

498 

69723 

60732 

60740 

69749 

69768 

60767 

69776 

69784 

69793 

60601 

499 
600 

69810 

69897 

69819 

69906 

69827 
69914 

-s 

69845 
6093^ 

69864 

69862 

69871 

69880 

69888 

69940 

69949 

69968 

69966 

69B76 

601 

69984 

69902 

70001 

70010 

70018 

70027 

70036 

70044 

70063 

70062 

602 

7O070 

70079 

70088 

70006 

70106 

70114 

70122 

70131 

70140 

70148 

603 

70167 

70165 

70174 

70183 

70191 

70200 

70209 

70217 

70226 

70234 

604 

70243 

70262 

70260 

70269 

70278 

70286 

70296 

70303 

70312 

70321 

ToS" 

"70329"" 

—70338" 

70346 

70366 

70364 

70372 

70381 

70389 

"70TO8- 

70406 

606 

70415 

70424 

70432 

70441 

70449 

70458 

70467 

70475 

70484 

70492 

607 

70601 

70609 

70618 

70526 

70535 

70544 

70662 

70661 

70669 

70578 

eoe 

609 

70686 
70672 

70595 
70680 

70603 
70689 

70774 

70612 
70607 
70783 

70621 
70706 
70791 

70629 
70714 
70800 

70638 
70723 
70808 

70646 
70731 

70817 

70665 

70740 
70825 

70663 

70749 
70834 



' 

6l6 

"70?57"- 

70766 

611 

70842 

70861 

70859 

70868 

70876 

70886 

70893 

70902 

70910 

70919 

1 

612 

70927 

70935 

70944 

70952 

70061 

70969 

70978 

70S86 

70995 

71003 

2 

613 

71012 

71020 

71029 

71037 

71046 

71054 

71063 

71071 

71079 

71088 

3 

614 

71096 

71106 

71113 

71122 

71130 

7  139 

71147 

71166 

71164 

71172 

4 

616 

~msr 

71189 

71198 

71206 

71214 

72S3 

"7mr 

-71240 

71248 

ix^r 

6 

516 

71265 

71273 

71282 

71290 

71299 

7  307 

71316 

71324 

71332 

71341 

6 

617 

71849 

71367 

71366 

71374 

71383 

71301 

71399 

71408 

71416 

71426 

7 

618 

71433 

71441 

71450 

71468 

71466 

71476 

71483 

71492 

71600 

71508 

8 

619 

71B17 

71626 

71633 

71542 

71560 

71669 

71667 

71576 

71684 

71692 

9 

Ko. 

* 

1 

« 

■ 

t 

■ 

• 

» 

■ 

• 

-  ._l 

ijGoogle 


TABLE  42.                                        [P^e  W* 

3      Logarithms  of  Namben. 

Ho. 

• 

1 

1 

s 

•       1       • 

• 

7 

8 

■ 

1 

020 
621 
622 
623 

71600 
71684 
71767 
71860 
71933 

71609 
n692 
71776 

71858 
71941 

71617 
71700 
71784 
71867 
71960 

71626 
71709 
71792 
71875 

71968 

71634 
71717 
71800 
71883 
71966 

71642 
71726 
71809 
71892 
71976 

71650 

71734 
71817 
71900 
71983 

71669 
71742 
71828 

71908 
71991 

71667 
71750 

71834 
71917 
71999 

71678 
71769 
71842 
71925 

72008 

1 
2 

5 

7 

• 

626 
527 
628 

72099 
72181 
72263 
72346 

72107 
72189 
72272 
72354 

72032 

72116 
72198 
72280 
72362 

72123 

72206 
72288 
72370 

72132 
72214 
72296 
72378 

72067 
72140 

72222 
72304 

72887 

72148 
72230 
72313 
72395 

72074 
72156 
72230 
72321 
72403 

72082 
72165 
72247 
72329 
72411 

72000 
72173 
72258 
72337 
72419 

630 

631 
632 
633 
634 

636 
637 
638 
639 

72428 
72609 
72591 
72673 
72764 

72436 
72518 
72899 
72661 
72762 

72526 
72607 
72889 
72770 

7Z462 
72634 
72618 
72697 
72779 

72642 
72624 

72706 
72787 

72880 
72632 
72713 
72796 

72477 
72688 
72640 
72722 
72603 

72485 
72567 
72648 
72730 
72811 

72493 
72575 
72656 
72738 
72819 

72501 
72583 
72665 
72746 
72827 

72835 
72916 
72997 
73078 
73169 

72843 
72925 
73006 
73086 
73167 

72882 

72933 
73014 
73094 
73175 

72860 
72041 
.  73022 
73102 
73183 

72868 
72948 
73030 
73111 
73191 

72057 
73038 
73119 
73199 

72884 
72965 
73046 
73127 
73207 

72892 
72973 
73064 
73135 
73215 

72000 
72981 
73062 
73143 
73223 

72908 
72989 
73070 
73151 
73231 

640 
641 
6*2 
643 
644 

~m 

646 
647 
648 
649 

73239 
73320 
73400 
73480 
73660 
73640 
73719 
73799 
73878 
73967 

73247 
73328 
73406 
73488 
73668 
73648 
73727 
73607 
73886 
73968 

73285 
73336 
73416 
73496 
73676 

ima 

73736 
73818 
73894 
73973 

73263 
73344 
73424 
73604 
73684 

73743 
73623 
73902 
73081 

73272 
73362 
73432 
73612 
73592 
?36?2 
73761 
73830 
73910 
73989 

73280 
73360 
73440 
73620 
7360O 

73769 
73636 
73918 
73997 

73288 
73368 
73448 
73528 
73608 
73687 
73767 
73846 
73926 
74006 

73296 
73376 
7S466 
73536 
73616 
73698 
73776 
73864 
73933 
74013 

73304 
73384 
73464 
73644 
73624 
73703 
73783 
73862 
73941 
74020 

73312 
73392 
73472 
73652 

73711 
73791 

73870 
73949 

74028 

S 

1 

2 
2 
S 

4 
6 
6 
6 
7 

661 
662 
663 
654 

74036 
74116 
74194 
74273 
74361 

74044 
74123 
74202 
74280 
74359 

74131 
74210 

74288 
74367 

74139 
74218 

74296 
74374 

74147 
74228 
74304 
74382 

74070 
74168 
74233 
74312 
74390 

74162 
74241 
74320 
74398 

74092 
74170 
74249 
74327 
74406 

74099 
74178 
74257 
74335 
74414 

74186 
74265 
74343 
74421 

666 
666 
657 
666 
569 

74429 
74607 
74586 
74663 
74741 

74437 
74816 
74593 
74671 
74749 

74448 
74523 
74601 

74679 
74757 

74531 
74609 

74687 
74764 

74461 
74530 
74617 
74698 
74772 

7446S 
74547 
74624 
74702 
74780 

74476 
74654 
74632 
74710 

74788 

74562 
74640 
74718 

74796 

744S2 
74670 
74648 
74726 
74803 

74500 
74878 
74666 
74733 

74811 

600 
661 
662 
663 
664 

74819 
74896 
74974 
76061 
75128 

74827 

74904 
74981 
76059 
75136 

74834 

74912 
74989 
75066 
75143 

74842 
74920 
74997 
75074 
75161 

74850 
74927 
75008 
76082 
75159 

74858 
74938 

75012 
75089 
75166 

74866 
74943 

75020 
76097 
75174 

74873 

74960 
75028 
75105 
75182 
"75259 
75335 
75412 
75488 
75668 

74881 
74958 
75036 
75113 
75189 

74889 
74966 
76043 
75120 

76197 

666 
667 
668 
669 

75206 
762S2 
76358 
76436 
76611 

75289 
75366 
76442 
76819 

76297 
75374 
75460 
76626 

78228 
76306 
75381 
76468 
75534 

75236 
75312 
76369 

76466 
75542 

75320 
75397 
78473 
76549 

75328 
75404 
76481 
76567 

75266 
76343 
75420 
75406 
76672 

75274 
76361 
76427 
75504 
76580 

8 
9 

I 

671 
672 
673 
674 

75587 
76664 
78740 

76815 
76891 

76696 
75671 

75747 
76823 
75899 

76603 
76670 
75786 
75831 
75906 

76666 
75762 
75838 
76914 

75618 
76694 
75770 
75846 
76921 

75702 
75778 
75853 

76929 

75633 
76709 

75786 
75861 
75937 

76641 
75717 
76793 
75868 
76944 

75724 

75800 
75876 

75952 

76666 
75732 

75808 
76884 
75959 

TeosT 
76110 
76186 
76260 
76336 

676 
676 
677 
678 
679 

78967 
76042 
76118 
76193 
76268 

75974 
76060 
76125 
76200 
76275 

76982 
76087 
76183 
76208 
76283 

76066 
76140 
76216 
76290 

76072 
76148 
76223 
76298 

76080 
76165 
76230 
76306 

76012 
76087 
76163 
76238 
76313 

76020 
76095 
76170 
76246 
76320 

76027 
76103 
76176 
76253 

76328 

Ho. 

« 

» 

1 

t 

c 

t 

I 

s 

> 

1 

ijGoogle 


P»g»  764]                                       TABLE  42. 

LoguithmB  of  Numben. 
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0 

« 

I 

t 

4 

■ 

■ 
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8 

t 

1 

680 
681 
682 
683 
684 

76343 
76418 
76492 
76567 
76641 

76350 
76426 
76600 

76674 
76649 

76368 
76433 
76507 
76582 

76656 

76366 
76440 

76516 
76580 
7666^ 

76873 

76448 
76522 

76697 
76671 

76380 
76466 
78530 
76604 

76678 

76388 
78462 
78537 
76612 

76688 

76395 
76470 
76645 
76619 
78603 

76403 
76477 
76652 
76626 
76701 

76410 
78486 
76560 
76634 
76708 

8 



tee 

686 
587 
688 
68» 
690 
691 
692 
693 
694 

76716 
76790 
76864 
769S& 
77012 
77086" 
77168 
77232 
77306 
77379 

76723 
76797 
76871 
76945 
77019 
77093 
77166 
77240 
77313 
77386 

76730 
76806 

76879 
76953 
77026 
77100 
77173 
77247 
77320 
77393 

76738 
76812 
76886 
76960 
77034 
77107 
77181 
77264 
77327 
77401 

76746 
76819 
76893 
76967 
77041 

inib 

77188 
77262 
77336 
77408 

76763 
76827 
76901 
76975 
77048 
77122 
77195 
77269 
77342 
77415 

76760 
76834 
76908 
76982 
77066 
77128 
77203 
77276 
77848 
77422 

76768 
76842 
76918 
76989 
77063 
77137 
77210 
77283 
77357 
77430 

76776, 
76649^ 
76923 
76897 
77070 
77144 
77217 
77291 
77364 
77437 

76782 
76666 
79930 
77004 
77078 
77161 
77226 
77296 
77371 
77444 

696 
698 

597 
698 
698 

77462 
77625 
77697 
77870 
77743 

77632 
77605 
77677 
77750 

77639 
77612 
77685 

77757 

77646 

77619 
77692 
77764 

77664 
77627 
77699 

77772 

77661 
77634 

77706 
77779 

77568 
77641 
77714 
77786 

77603 
77676 
77648 
77721 
77793 

77610 
77683 
77866 
77728 
77801 

77617 
77590 
77663 
77735 
77808 

600 
601 
602 
603 
604 

77816 

77887 
77960 
7803S 
78104 

77822 
77895 
77967 
78038 
78111 

77830 
77902 
77974 
78048 

78118 

77837 
77900 

77981 
78053 

78126 

77844 
77916 

77988 
78061 
78132 

77861 
77924 
77996 

78068 
78140 

77859 
77931 
78003 

78075 
78147 

77868 
77938 
78010 
78062 
78154 

77873 
77045 
78017 
78088 
78161 

77880 
77962 
7S02S 
78097 
78168 

2 
3 

4 
6 

e 

7 
8 
» 

1 
1 

606 
806 
607 
608 
609 

7S178 
78247 
78319 
78390 
78462 

78183 
78264 
7S328 
78398 
78469 

78190 
78262 
78333 
784W 
78476 
-78547" 
78618 
78689 
78760 
78831 

78197 
78268 
78340 
78412 
78483 

78204 
78276 
78347 
78419 

78490 

78211 
78283 
78365 
78426 

78497 

78290 
78362 
78433 

78604 

78226 
78297 
78368 
78440 
78612 

78233 
78306 
78376 
78447 
78518 

78240 
78312 
7)»3S3 
78465 
78626 

810 
811 
612 
613 
6U 

78633 
78604 
78676 
78746 

78817 

78640 
78611 
7*682 

78763 
78824 

78664 
78626 
78696 
78767 
78838 

78561 
78633 
78704 

78774 
78846 

78580 
78640 
78711 
78781 
78852 

78576 

78647 
78718 
78789 
78850 

78583 

78654 
78728 
78796 

78868 

78690 
78861 
78732 
78803 

78873 

78697 
78668 
78739 
78810 
78880 
78961 

616 
617 
618 
619 

78S88 
78968 
79029 
79099 
70169 

78895 
78965 
79036 
7910S 
79176 

78972 
79043 
79113 

79183 

78009 
78879 
79050 
79120 
79190 

78966 

79057 
79127 
79197 

78993 
79064 
79134 
79204 

79000 

79071 
79141 
79211 

79007 

79078 
79148 
79218 

78044 
79014 
79085 
79155 
79226 

79092 
79182 
70232 

620 
621 
622 
623 
624 

79239 
79309 
79879 
79440 

79618 

79316 
79386 
79456 
79625 

79263 
79323 
79393 
79463 
79532 

7B330 
79400 

79470 
79539 

79267 
79337 
79407 

79477 
79646 

70274 
79344 
79414 

79484 
79553 

70281 
79361 
79421 
78401 
79660 

79288 
79358 
79428 
79488 

79667 

79296 
79366 
79435 
79506 

79674 

79302 
79372 
79442 
70611 
79681 

625 
626 
627 
^8 
629 

79688 
70667 
79727 
79796 
79S66 

79596 
79664 
79734 

79803 
79872 

79602 
79671 
79741 
79810 

79879 

79609 
79678 
79748 
79817 
79886 

79685 
79754 
79824 
79893 

79623 
79692 
79761 
78831 
79900 

79630 
79699 
79768 
79837 
79906 

79637 
79706 
79776 
79844 
79913 

79644 
79713 
79782 
79861 
79920 

7965& 
79720 
79789 
79868 
79927 

• 

631 
632 
633 
634 
-©5- 
636 
637 
638 
63» 

80003 
80072 
80140 
80209 
80277 
80346 
80414 
80482 
80650 

80010 
80079 
80147 
80216 
80284 
80353 
80421 
80489 
80567 

79948 
80017 
80086 
80164 
80223 
80291 
80359 
80428 
80498 
80664 

8D024 
80002 
80161 
60229 
60298 
80366 
80434 
80502 
80670 

80030 
80099 
80168 
80238 
80306 
80373 
80441 
80500 
80677 

80037 
80106 
80176 
80243 
80312 
80380 
60448 
80518 
80684 

79976 
80044 
80113 
80182 
80260 
80318 
80387 
80465 
80623 
80601 

80061 
80120 
80188 
80267 
80325 
80393 
80462 
80630 
80608 

80068 
80127 
80106 
80284 
80332 
80400 
80468 
80636 
80604 

80086 
80134 
80202 
80271 

80407 
80476 
80643 
80611 
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0 

1 

I 

* 

4 

i 

• 

7 

» 

1 

«40 
641 

80618 
80686 

80626 
80693 

80632 
80699 

80SS8 
80706 

80646 
80713 

80662 
80720 

80659 
80726 

80665 

80733 

80672 
80740 

80679 
80747 

7 

M2 

80764 

80760 

80767 

80774 

80781 

80787 

80794 

80801 

80808 

80814 

1 

«3 

8CB21 

80828 

80686 

80841 

80848 

80865 

80862 

80668 

80876 

80882 

2 
3 

fl44 

80889 

80896 

80902 

80900 

60916 

80022 

80029 

80636 

80943 

80049 

-845 

80966 

-809^ 

80069 

80676 

80983 

80060 

80966 

81003 

81010 

81017 

4 

6 
6 

7 
8 
9 

6I« 

81033 

81030 

81037 

81043 

81060 

81067 

81064 

81070 

81077 

81064 

fl47 

81090 

81097 

811M 

81111 

81117 

81124 

81131 

81137 

81144 

81161 

«1S 

81168 

81164 

81171 

81178 

81184 

81191 

81I9S 

81204 

81211 

81218 

649 

81234 

81231 

81238 

8  246 

81251 

81288 

81266 

81271 

81278 

81286 

660 

812*1 

81298 

81306 

8  311 

81318 

81825 

81331 

81338 

-81346- 

81361 

651 

81368 

81365 

81371 

8  378 

81385 

81391 

81396 

81405 

81411 

61418 

662 

81426 

81431 

81438 

81445 

81451 

81458 

81466 

81471 

81478 

81485 

663 

81491 

81498 

81606 

81611 

81518 

81525 

8631 

81638- 

81644 

81561 

«6* 

81668 

81564 

81671 

81678 

81684 

81691 

6698 

81604 

81611 

81617 

666 

81624 

81681 

81637 

81644 

81661 

81657 

81064 

81671 

81677 

81684 

66« 

81690 

81667 

81704 

81710 

81717 

81723 

81730 

81787 

81743 

81750 

667 

81757 

81763 

81770 

81776 

81783 

81790 

81766 

81803 

81809 

81816 

65S 

81823 

81829 

81836 

81842 

81849 

81866 

81862 

81869 

81876 

81882 

669 

81889 

81866 

81602 

81608 

81916 

81921 

81628 

61935 

81B4I 

81048 

eao 

""ngST 

81961 

81968 

81974 

81981 

81987 

81694 

82000 

82to7 

82014 

661 

82020 

esasj 

82033 

82040 

82046 

82053 

82060 

82066 

82073 

82079 

662 

82066 

82002 

82096 

82105 

82112 

82U6 

82126 

82132 

82138 

82146 

663 

82151 

82168 

82164 

82171 

82178 

82184 

82101 

62197 

82204 

82210 

664 

ffiS17 

82223 

82230 

82243 

82249 

82266 

62263 

82269 

82276 

-666 

S22S2 

82289 

82295 

82302 

82308 

82315 

~^er 

82328 

msT 

-mir 

660 

82347 

82354 

82360 

82367 

82373 

82380 

82387 

82303 

B2400 

82406 

667 

82413 

62419 

82426 

82432 

82439 

82445 

82452 

82458 

82465 

82471 

668 

82478 

82484 

82461 

82467 

82604 

82510 

82517 

82623 

82530 

82636 

669 

82543 

82549 

82666 

82562 

82569 

82575 

82682 

82688 

82605 

82601 

670 

82607 

82614 

82620 

82627 

82633 

82640 

82646 

82663 

82650 

671 

82672 

82679 

82686 

82692 

62668 

82705 

82711 

82718 

82724 

82730 

672 

82737 

82743 

82750 

82756 

82763 

82769 

82776 

82782 

82789 

82796 

673 

82802 

82808 

82814 

82821 

82827 

82834 

82840 

82847 

82853 

82860 

674 

82866 

82872 

82879 

82885 

82862 

82898 

82906 

82911 

82918 

82924 

675 

82930 

82937 

82943 

82060 

82966 

82963 

"82968" 

82675 

82982 

"^BS' 

676 

82996 

83O01 

83008 

83014 

83020 

83027 

83033 

83040 

83046 

83062 

677 

83069 

83066 

83072 

83078 

83086 

83091 

83007 

83104 

83110 

83117 

678 

83123 

83129 

83136 

83142 

83146 

83165 

83161 

83168 

83174 

83181 

679 

83187 

83193 

63200 

83206 

83213 

83219 

83226 

83232 

83238 

83246 

680 

83251 

83267 

63264 

83270 

83276 

83283 

-g^ 

83206 

-833^ 

83308 

681 

83316 

83321 

83327 

83334 

83340 

83347 

83358 

83S59 

83366 

83372 

682 

83378 

83385 

83391 

83401 

83410 

83417 

83423 

83429 

83436 

683 

83442 

63448 

83455 

83461 

83467 

83474 

83480 

83487 

83493 

83499 

684 

83506 

83512 

83618 

83525 

83531 

83637 

-83eor 

83544 

83550 

83556 

83563 

685 

~^m 

■"aaSTS" 

83582 

83688 

83564 

83607 

8S613 

83620 

83626 

686 

83632 

83645 

83661 

83658 

83664 

83870 

83677 

83683 

83689 

687 

83696 

83702 

83708 

83715 

83721 

83727 

83734 

83740 

83746 

83753 

.688 
6S9 

83769 
83822 

83765 
83828 

83771 
83835 

83778 
83841 

83784 
83847 

83790 
83853 

83797 
83860 

83803 
83806 

83809 
83872 
83935 

83818 
83876 

< 

690 

83885 

83891 

83867 

83604 

-^10- 

83916 

83823 

83920 

83642 

691 

83948 

83964 

83960 

83967 

83673 

83970 

83885 

83992 

83993 

84004 

1 

692 

84011 

84017 

84023 

84029 

84036 

84042 

84048 

84056 

84061 

84067 

2 

-663 

84073 

84080 

84086 

84092 

84098 

84106 

84111 

84117 

84123 

84130 

3 

694 

84136 

84142 

84148 

84155 

84161 

84167 

84173 

84180 

84186 

84192 

-W5" 

84198 

84205 

84211 

84217 

84223 

84230 

84236 

84242 

84248 

'mm 

696 

84261 

84267 

84273 

84280 

84286 

84292 

84268 

84306 

84311 

84317 

697 

8432S 

84330 

84336 

84342 

84348 

64354 

84861 

84367 

84373 

84379 

698 

84386 

84392 

84398 

64404 

84410 

84417 

84428 

84429 

84436 

84442 

699 

84448 

84464 

84460 

84466 

84473 

84479 

84486 

84491 

84467 

84504 
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700 

84510 
S4572 

84516 

84578 

84622 
84684 

84628 
84690 

84636 

84697 

84641 
84603 

84647 
84600 

84663 
84615 

84569 
84621 

84566 
84628 

» 

84652 

S465S 

84666 

84671 

84677 

84689 

703 

84606 

84702 

84708 

84714 

84720 

84726 

84733 

84739 

84746 

84761 

704 

84757 

84763 

84770 

84776 

84782 

84788 

84794 

84800 

84807 

84813 

70B 

84819 

84825 

84831 

84874 

84887 

84893 

84699 

84905 

84911 

84917 

84924 

707 

84942 

84948 

84964 

84060 

84967 
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44*66 

446U 
446U 
44618 
44622 
44«2» 
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0.64173 
.54177 
.54182 
.54186 

9.54190 
.54195 
.54199 
.54203 
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44SM 
4483* 
44SS3 
4483* 
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4S 
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SB 
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.53148 
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.HOM 
.84007 
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15 

.53166 
.53170 
.53176 

.34011 
34014 
.S4018 
.34021 

9.53425 
.53429 
.63434 

.53438 

44W1 
44334 
.34»i8 

9.53687 
.63691 
.53696 
.63700 

44«» 
44482 
4443S 

9.53948 
.53952 

.53957 
.63961 

44C36 

4468* 
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.54216 

.54221 
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ss 

S4 
S3 
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SI 

.53184 
.53188 
.53192 

.34028 
.34031 
.S403S 

9.53442 
.53447 
.53451 
.53456 

9,63460 
.53464 
.53469 
.53473 

4423S 

44288 
44242 
4424S 
4424B 
4t2S2 
442H 

.53709 
.53713 
.63718 

9. 53722 
.53726 
.53731 
.53735 

0.53739 
,53744 
.63748 
.53752 

4443* 
44442 
44440 
44448 

9.53966 

.63970 
,6.3974 
.53978 
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9.54225 
.64229 
.54234 
.54238 

44S57 
4460 
4«*4 
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31 
SO 
t9 
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SB 

9.53197 
.53201 
.53206 
.53210 

9.53214 
.5^19 
.63223 
.53228 

.34038 
.S4»4!I 

J40M 

.34049 

"34052 

.340im 

.84062 

444A2 

444M 
4446S 

4440* 
44410 
44413 
44417 

9.53983 
.63987 
.63991 
.53996 

9.54600 
.54004 
.54009 
.54013 

.3466* 
44««8 
44667 
44676 

44*14 
44*17 
44681 
44C84 

9.64242 

.64247 
.54251 
,54255 
9.54260 
.54264 
.54268 
,54272 
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44871 
44S7S 
44818 
41883 
44S8S 
44888 
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ts 
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S8 
S9 

9,53477 
.63482 
.53486 
,53491 
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.34262 
442«« 
44269 

41 

4t 
4S 

B.53232 
.53236 
.53241 

.53245 

.34066 
.340«» 
.S4«I3 
.34016 

9.53495 
.53499 
.53504 
.53508 

44273 
44216 
44280 
442SS 

0,53757 
.53761 
,63765 
.53770 

44483 

44487 

9.54017 
.54022 
.54026 
.54030 

44688 
44691 
44694 
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9.54277 
.54281 
.64285 
.64290 
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to 

19 
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77 
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46 
47 

B.53249 
.53254 
.53258 
.53263 

.34080 
.S4«S3 
.S40S1 
.S40H 

9.53512 
.53517 
.53521 
.53626 

44287 
.342M 
4«!9« 

442S7 

9.53774" 
.63778 
.63783 

.53787 

44m 
44HI 
.84H4 

9.54036 
.54039 
.54043 
,64048 

441*1 
447*S 
.341*8 
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.54298 
.54303 
.54307 

449*9 
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iS 

15 
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W 
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49 

SO 
61 

9.53267 
.63271 
.53278 
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.63289 
.53293 
.53298 

Mm 
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.34160 
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9.53530 
.53534 
.53539 
.63543 

41366 
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44801 

44311 

9.53792 
.63796 
.63800 
.638(» 

44H8 
445U 
44£U 
44H8 

0.54052 
.54056 
.64061 
.64065 
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10 

9 
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6S 
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66 
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9.63547 
.53552 
.63566 
.63660 
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44318 
44321 
4U25 

9.53809 
.63813 
.53818 
.53822 

44S21 
4412C 
44528 
4iUS 

9.54069 
.54074 

.64078 
.54082 

4472* 
.34733 
4478* 
4473* 

9,54329 
.64333 
,54337 

,54341 

41*31 

4«M* 
44*44 
4tt41 

7 
t 
5 
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57 
68 
69 

8.53302 
.63307 
.53311 
.53315 

MlZl 
MiU 
.34138 
.34131 

9.53565 
.53569 
.53574 
.53578 

.34328 

.34331 

44as« 

.34338 

9.53826 
.63831 
.53835 
.53839 

41S3* 

44U> 

.84542 
.S4H0 

9.54087 
.64091 
.64096 
.54100 

44743 
4474* 
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44753 

9.64346 
.54360 
.54354 
.54359 
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"9 
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.54367 
.54372 
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.54385 
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.54393 
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-Jim 
Msea 
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9.64621 
.54625 
.54629 
.54634 
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.54642 
.54647 
.54661 

.U17S 
.»!» 
.HIM 
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Mm 
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.54882 
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.64899 
.54903 
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.SS4M 

I 
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11 

9.54397 
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.54406 
.54410 
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.SMM 

9.54656 
.54659 
.54664 
.64666 

Mxn 

.SMM 
.SMM 

.snii 

9.64912 
JM916 
.54920 
.54924 

.SHU 

.SHIS 
.SHN 

J5 

.54419 
.54423 
.54428 

.SWH 

.SMU 
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9.64672 
.54677 
.54681 
.54686 

.sms 
.sms 
.scm 
Mta 
Mm 

.SKtSS 
.UM5 

6.54929 
.54933 
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.64942 
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.SHU 
-35ttf 
46441 
.SH44 
.SH4S 
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19 
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.54436 
.54440 
.54445 
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.SMS7 

Mm 

9.54689 
.54694 
.54608 

.54702 
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tl 
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9.54449 
.54453 
.54458 
.54462 

.SM3§ 
.SHU 
.SMU 

8.64707 
.64711 
.54715 
.64719 

.SRM 

.SMM 
.35»S 

9.54963 
.54967 
.64971 
.54976 
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.SHH 
.SHK 

JU441 
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ts 

£6 

f7 

9.54466 
.54471 
.54475 
.54479 

.StMS 
.SHSl 
.3MU 
.SMM 

9,54724 
.54728 
.54732 
.64736 

.SMM 
.SMM 

Mam 

9.54980 
.64984 
.54988 
.54993 

.3H*t 
.SH«S 
.SH73 

.SH7S 

i 
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30 
31 

9.544S3 
.54488 
.54492 
.54496 

.SMM 

.SMM 

.sMn 

9.54741 
.54745 
.64749 
.54754 

MKt 
.35374 

MXlt 
JS281 

9.54997 
.55001 
.55005 
.65010 

.SH79 
.SHSt 
.3H8« 
.SHSt 

9.54501 
.64505 
.64509 
.54514 

.SMT« 
.SM» 
.SMSS 
.3HH 

9.54758 
.54762 
.54766 
.54771 
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.SSS88 

MSM 
.SS2M 

9.55014 
.55018 
.55022 

.65027 

.SHH 
.3HM 
.SUM 
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' 

37 
S8 
S9 

9.54518 
.54522 
.54526 
.54531 

.SMM 
.SMM 
.SSW7 

.SSIM 

9.54775 
.64779 
.54784 
.54788 

.SSMS 
.3SM1 
.SUDS 
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9.55031 
.56035 
.65039 
.65044 

.SU07 
.36519 
.SU14 
.35517 
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■U 
43 

9.54535 
.54539 

.54544 
.54548 

.SMM 
.SSIOT 
.SSIU 
.SS114 

9.54792 
.64796 
.64801 

.54805 

Mm 

.SHU 

.assu 

.3M» 
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.SMM 

.SMM 

9.55048 
.55052 
.56057 
.55061 

9.55065 
.56069 
.55074 
.55078 
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.SUM 
.SU3B 
.3U31 
-3SM4 
.SUSS 
JSUl 
.3SHS 

1 

+   11' 

46 

47 

9.54552 
.54556 
.64561 
.64565 

.asm 
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JU24 
.35128 

9.54809 
.54813 
.54318 
.54822 

) 

+    U' 

4$ 
BO 
SI 

9,54569 
.54574 
.54578 

,54582 

.3S131 
.SfilSC 
.SI138 
.31143 

9.54S26 
.54831 

.54836 
.54839 

!3n4s 

.SS34T 
.SUM 

9.55082 
.55086 
.56091 

.55095 

.SU48 
.S6U3 
.SMM 
.SUM 
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55 

.64591 
.54595 
.54599 

.SM4t 

.ssm 

.8S1H 

.54348 
.54852 
.54856 
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.SS364 

9.55099 
.55103 
.55108 
.55112 

.8SM2 
.35SM 
.8HM 
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1 
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58 

9.64604 

.54608 
.54612 
.54617 

.SSIR 
.3S1M 
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.64866 
.54869 
.54873 
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.85374 
.3S37S 

9.55116 
.55120 
.56125 
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Net-Hnv 
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ltat.H>v 
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0 
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s 

3 

9.55641 
.56645 
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.55653 

9.66893 
.55897 
.55901 
.65905 

MXiB 

Mm 

MtU 
.SR» 

9.66144 
.56148 
.56152 
.66166 
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MOl 
MUt 
JMtS 

9.56303 
.56397 
.56402 
.56406 

Mt» 

Mta 

MtU 

Mta 

9.56642 

.56660 
.66664 

MSta 
MSSZ 

so 

59 

58 
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MSU 

+     1' 
S 

e 

7 

S.55657 
.56662 
.55666 
.55670 

MtM 
.3MSS 

9.65909 

.55914 
.55918 
.65922 

Mta» 

Mm 

.StMl 

.66164 
.56169 

.56173 
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.S*I4« 
.SH4I 
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9.56410 
.56414 
.56418 
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Mta 

Mta 

MtU 

9.5665S 
.56663 
.66667 
.56671 

Mm* 

Mam 
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66 

ss 

S4 
53 
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9 
10 
11 

.55678 
.55683 
.55687 

.MM* 
J8MS 

.3«M7 

9.55926 
.55830 
.55936 
.66939 

.MtM 

Mtn 

JCU7 

9.56177 
.56181 
.56185 
.56189 

Miti 
M4M 

.56431 
.66435 
.56439 

JH7* 

Mm 
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9.56675 
.56679 
.56683 
.56687 

Msm 

St 

SI 
£0 
49 

+     t^ 

IS 

-14 

IS 

9.65691 
.55695 
.55699 
.65704 

.SHH 

JMS7 
.SN« 

9.55943 
.55947 
.65951 
.55955 

.3«1M 
.MK7 

Mni 

9,56194 
.56198 
.56202 
,56206 

.U47S 
.3M77 

.M48t 

9.56443 

.56447 
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.56456 

MtM 

MtSJ 

Mtn 
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.56696 
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47 
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4S 
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17 
18 
19 

ti 

tt 

IS 
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16 

t7 

9.65708 

.55712 
.66716 
.65721 

9.55725 
.66729 
.65733 
.55737 

9.56742 
.55746 
.55760 
.66764 

.MN4 
JM68 

.S««T1 
MKi 
JM78 
.3M6S 
.SMH 
.lW8t 

Mm 
Mtn 

JMM 

.3«W 

9.55960 
.65964 
.65968 
.55972 

9.5ei>7G 
.65981 
.55985 
.56989 

9.55993 
.55997 
.66001 
.56006 

MM 
.S«»8 
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MtU 
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Mm 

-jmn 

.aoH 

.SNM 

.sesu 

9.66210 
.56214 
.56219 
.66223 

9.66227 
.56231 
.56235 
.56239 
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.56248 
.56252 
.56256 

.SM8t 
.3M87 

Mtn 

MIM 

Mm 

MMl 
MtU 
.SSMS 

.suu 

MtU 

Mta 
Mtn 

9,56460 
.56464 
.56468 
.66472 

9.56476 
.56480 
.56485 
.56489 

9.56493 
.56497 
.66601 
.56505 

MUU 

MUi 

Mm 
Mm 

-Miu 
M7a 

.M7U 
MJU 

-Mm 
Mm 

Jf7» 

MtU 

9.56708 
.56712 
.56716 
.56720 

9.66725 
.56729 
.66733 
.66737 

9.56741 
.66745 
.56749 
.56753 

MtU 

Mta 

MttS 

Mta 

MtU 

Mttt 
Mttt 

Mta 

Mta 

U 
43 
4t 
41 
-40 
39 
38 
37 
36 
3S 
34 
S3 

+     V 
t$ 
30 
31 

9.66768 
.55763 
.66767 

.55771 

Mm 

MIU 
MUt 

Mm 

9.66010 
.66014 
.66018 
.56022 

.seue 
Mm 
Mm 

9.56260 

.66264 
.66269 
.56273 

MSX» 

Mtn 

MtU 

9.56509 
.66614 
.56518 
.56522 

Mm 

MJa 
Mia 

M1t7 

9.56758 
.56762 
.56766 
.66770 

Mta 

MtU 
Mttt 

Mtei 

3t 
31 
30 
X9 

34 
35 

9.65775 
.55779 
.66784 
.65788 

Mm 

MiU 

Mm 
Mm 

9.66027 
.56031 
.56036 
.56039 

.SCSM 
MtU 
.8U37 

.SS341 

9.56277 
.58281 
.56285 
.56289 

Mtf 

Mta 

.SU47 

.tsui 

9.66526 
.66530 
.56534 
.56538 

MIU 

Mitt 
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.3«7et 

9.56774 
.66778 
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.56786 
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MUt 
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ts 

37 
3S 
39 
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.66796 
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.55806 
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.56047 
.56052 

.56056 

.36344 
.3«»48 
.HWl 
MSU 
-MUS 
MMt 
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Mni 

MSJt 
MSI* 

.snss 

.S«S8t 

.3«Stt 
MMt 

Mm 

.3MM 

.3a4«7 
.U41* 
JC4U 
JC417 
.M4Z1 
JUU 
M4M 

.56298 
.56302 
.56306 

9.56310 
.56314 
.56318 
.56323 

0.66327 
.56331 
.56335 
.56339 

9.56343 
.56348 
.56352 
.56356 

9.56360 
.66364 
.56368 
.56373 

0.56377 
.66381 
.56386 
.56389 

9.56393 

.S«6U 
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-MtU 
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MtU 
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Mm 
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.MtU 
MKS 
MUl 

Mm 

.56547 
.56551 
.66665 

9.66569 
.56563 
.56567 
.66672 

9.56576 
.66580 
.66584 
.56588 

9.56592 
.56596 
.56601 
.56605 

9.56609 
.66613 
.66617 
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Mm 
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Mm 
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Mm 
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M8tS 
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9.56701 
.56795 
.56799 
.56803 

9.56807 
,56811 
.56615 
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9.56824 
.66828 
.56832 
.56836 
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.56852 
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.56861 
.56865 
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9:56873 
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.56881 
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Mm 
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Mm 
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Mm 
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Mm 
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9.56060 
.56064 
.56068 
.56073 
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.56085 
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9.56093 
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.56106 
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.56114 
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J7Mt 
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.57140 
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.66910 
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9.80980 

-Siw 

9.8    20 

.HTM 
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.•<H« 

.8  127 

.H1H 

.81266 

Mm 

+  if 

9-80707 

.H131 

9.80848 

.um 
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